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The Prudential Insurance Co. Plant 


By CHARLES 


SY NOPSIS—The power equipment for a great group 


of office buildings is fully described. 


This. plant is par- 


ticularly interesting for the completeness of its equip- 


ment and its remarkable growth. 





Fic. 1. Borner Room. NEw SEcTION 


The Prudential Insurance Co.’s plant, at Newark, 
N. J., which supplies power to the company’s group of 
office buildings, is remarkable for its growth. ‘Twenty 


years ago the plant’s capacity was 
about 50 hp.; today it is 5000, of 
which 1500 is electrically devoted. 
Few office-building plants attain so 
rapid a growth. 

In 1902, the “old plant” was com- 
pleted and subsequently in 1911, the 
“new plant” was installed to fur- 
nish power to additional buildings, 
provision being made for future in- 
creased demand. 

The plant occupies most of the 
block bounded by Broad, Academy, 
Bank and Halsey Sts.; the engine 
rooms are entirely visible from the 
streets. The boiler room is in two 
sections and is on the street level. It 
is spacious, admirably ventilated and 
lighted, as the skylights are large, and 
the walls are finished in white-enam- 
eled brick. 

There are 12 water-tube boilers, 


IT. 


eight of which are of 250 hp. each and are in the old 
section, while the remaining four are of 550 hp. each, 
and are in the new section. Those in the old section are 
of the two-drum type, while those in the new section 





are of the three-drum type. They are 
supplied with foreed-draft from two 
engine-driven fan blowers of 10-ft. 
diameter in the cellar under the boil- 
ers with the air intake on top of the 
boilers to obtain the heated air and 
force it under the grates. 

No. 1 buckwheat coal is burned, 
and supplied by gravity to  semi- 
circular boxes in front of the boilers 
through extra heavy chutes from bins 
of 600 tons capacity each, above the 
boiler room. The chutes in the new 
section extend vertically to avoid the 
excessive wear experienced with the 
inclined ones in the old section. The 
coal first passes through automatic 
weighing and registering machines 
under the sidewalk at the head of 
each belt conveyor, which carries it 
into the cellar where it is dumped in- 
to bucket conveyors that raise it to 
the overhead bins. The ashes are 
dropped from hoppers under the grates 
directly into these conveyors and car- 
ried by them to trippers, which dump 
them into chutes leading to ash 
chambers over each driveway in each 
boiler room from which they may be 
loaded directly into wagons. <A view 
of the new boiler room, showing the 


vertical coal chutes, may be seen in Fig. 1. 


After the new boilers were installed and carrying the 


entire load, the grate area of the old ones was enlarged 
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by placing the bridgewall back 2 ft., thus giving the 
grates a depth of 9 instead of 7 ft. The average daily 
coal consumption is 50 tons. The CO, production av- 
erages 15 per cent. This serves to indicate the thorough- 
ness of the boiler-room equipment and the excellency of 
firing. Damper regulators, draft gages and a record- 
ing pyrometer are also provided. 
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POWER 3 


pressed-air-operated thermostat controlling the admis- 
sion of steam to the heater. The feed pumps, located in 
the cellar, are of the duplex vertical type. 


ENGINES AND GENERATORS 


There are two engine rooms, one floor below the street 
level, but with ceilings rising to the floor above this level. 
The old engine room fronts on Bank 




















Fic. 4. Otp ENGINE Room, ELevator PuMPs IN 
GENERATING UNITs IN REAR 


Steam at 150 |b. is led to headers, 
the piping of which is so arranged 
that any number of boilers in either 
section may be cut in or out of ser- 
vice without interruption of the steam 
supply. Non-return stop valves are in 
all lines from the boilers to the head- 
ers. A separate steam line is run to 
one of the 250-hp. engines so that 
ordinary steam main troubles will 
cause no interruption of the electric 
service. The same is true of lines to 


and Halsey Sts., and the new one on 
Academy and Halsey. They are sep- 
arated by the boiler room and refrig 
eration plant through which leads a 
passageway connecting them on the 
same level. This passageway greatly 
facilitates communication to and from 
each engine room. 





Previous to the new three-wire sys- 
tem installation, 120-volt generators 
were used on a_ two-wire system. 
These were displaced by 240-volt gen- 
erators, which are used throughout ; 
all are directly connected to their en- 
gines. 

The change-over from the 120-volt, 
two-wire system to the 240-volt, three- 
Wire system was made without an in- 
terruption of service. It must be re- 
membered that the wiring throughout 
all the buildings had to be likewise 
changed and this was also done with- 
out interrupting the service. All of 
this required installing temporary 
switchboards, panel boxes, circuits, 
ete. 

In the old engine room are three 
250-hp. and one 175-hp. horizontal 
tandem-compound four-valve non- 
condensing engines each directly con- 
nected to 240- and 150-kw. genera- 
tors respectively. 

The two units in the new engine 


FOREGROUND; room are of the vertical cross-com- 


pound type, and of 750 hp. each, di- 








the feed pumps and injectors. Un- 
interrupted service is the chief con- 
sideration in this plant. City water 
is filtered and heated by exhaust steam 
to 212 deg. F., before going into the 
boilers, as shown by a recording ther- 
mometer, the temperature being au- 
tomatically controlled by a com- 





Fic. 3. Main SwITcHBOARD, REMOTE-CONTROL TYPE 
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rectly connected to 500-kw. generators. The foundation 
for another of these large units is provided alongside 
the present- ones. All units are noncondensing. The 
new engine room and the new units are shown in Fig. 2. 


SWITCHBOARD 


The switchboard (Fig. 3) is of the remote-control type, 
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reflector, which throws light over the entire board. Space 
would not admit of placing the contactor board in the 
engine room, so it was located in a small room in the 
cellar, as nearly central to the generators and point of 
distribution to the sub-switchboards as possible. Con- 
nection of the generator leads could not be made in the 
generator pits, so contractor panels, each having a volt- 
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Fig. 5. DIAGRAM OF PRUDENTIAL INSURANCE Co.’s PLANT, SHOWING LOCATION OF EQUIPMENT 


located in the old engine room, and is considered the 
finest of its kind in the world. An impressive decorative 
feature of the board is the two art bronze columns at 
each end supporting the head work and the mottled glass 


meter, ammeter, positive, negative and equalizer solenoid- 
operated switches controlled by pull switches on the main 
control board were installed. These pull switches have 
both electric and mechanical signals to show whether the 
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circuits are open or closed. Two balancer sets capable 
of caring for an unbalance of 800 amp. establish the 
neutral leg. The busbars of the generator panels con- 
nect to large main busbars that are run under the old 
boiler room and there connect with the busbar leads 
from the generators in the old en- 
gine room. 

Telephones and a push-button sig- 
nal system permit code signaling 
from and to both engine rooms. A 
gong on the control board operated 
through a relay on the generator con- 
tactor panels continues to ring when 
a circuits opens until stopped by the 
operator. The affected circuit is also 
indicated by signal lamps. As it is 
most important that the plant and 
cellars be not in darkness, plug- 
switch receptacles connected to lines 
from the generator panels are pro- 
vided. If a generator circuit is 
opened, the plugs may be inserted in 
any pair of terminals, thus connecting 
the lamp circuits back of all cireuit- 
breakers. 

Motor-generator sets furnish cur- 
rent at 24 volts for all annunciator, 
clock and signal service, no battery 
being used. The sets and low-tension 


switchboard are shown at the right 
in Fig. 2. The low-tension system 


complete is said to be the most elabo- 
rate ever installed. This is due to 
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6. REFRIGERATION PLANT. 


ER 5 

and three hoists which operate under 750 lb. with a suc- 
tion pressure of 75 lb. There are seven electric elevators 
in the Broad St. end of the north building, four of which 


are of the high-speed traction type and three of the drum 
There are also eight electric dumb waiters. 


type. 











ABSORBERS IN ForEGROUND 

The three high-pressure elevator pumps are of the 
triple-compound flywheel type. are in the old 
engine room and are shown in the foreground of Fig. 4. 
This view also shows the old generating units. A smaller 
duplex compound pump for night and Sunday service 
is also provided. All pumps are controlled by valves in 
the steam line operated by cables actuated from the ac- 
cumulators. Special safe-lifts operate under 2500 Ib. 
pressure supplied by a special pump. 

As high-pressure (150-lb.) water service obtains in the 
plant, it is proposed to connect a high-pressure line 
through a reducing valve to the pilot-water system and 
also connect this system with the This would 
admit of readily cleaning this part of the elevator system 
by manipulating a few valves, as the reducing valve would 
maintain the pressure while the pumps were idle. 

The elevator-shaft doors are 


These 


sewer. 


each electrically locked 


by a device controlled through eon- 
tac ‘ts made by the movement of the 
car. This prevents accident, as no 
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PRUDENTIAL PLANT 


door can be opened until the car is at 
that door. All cars have meters that 
register the travel in miles. This ad- 
mits of accurately determining by ref- 
erence to record the wearing qualities 
of the cables, ete. 

A diagram of the entire plant showing the location of 
the machinery, artesian wells, tunnel, 
given in Fig. 5. 


lavatories, etec., is 
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REFRIGERATION PLANT tower. The tower is beautifully decorated with lamps 
Two 35-ton absorption plants connected in multiple, and at night is the most imposing feature of Newark’s 


cool all drinking water used throughout the buildings to — illumination. 
40 deg. F. The generators are operated entirely by ex- 
aust ste Motor-driven centrifugal pumps furnish 
haust steam. Mo g 


O1L SToRAGE AND DISTRIBUTION SYSTEM 


condensing water and motor-driven triplex pumps cir- On account of the scattered location of the various 
culate the cooled water through the various lines. The engines, pumps, etc., the distribution of oil to them was 


generators, absorbers, condensers and 
ammonia circulating pumps _ are 
shown in Fig. 6. 

Two engine-driven air compressors 
are in the refrigeration plant, fur- 
nishing air at 75 lb. for lifting water 
from four driven wells, which supply 
300,000 gal. daily. City water was 
formerly used for house purposes, but 
well water is now used, which has 
effected a saving of many thousand 
dollars in the cost of water. Due to its 
constant low temperature this water 
is excellent for use in the condensers 
of the refrigeration plant. The cost 
of operating the refrigeration plant 
is chiefly that incurred by pumping, 
as the exhaust for operating it is most 
plentiful when the demand on the 
plant is greatest, i.e, in the sum- 
mer. The condenser-water circulat- 
ing pumps are of the motor-driven 
volute type, while the drinking-water 
circulating pumps are of the motor- 
driven triplex bronze-plunger type. 
The house-water pressure is 80 Ib., 
which is that due to the head of water 
from a tank in the North building Fig. 8. Vacuum 
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a problem best overcome by the oil-storage and distribu- 
tion system, designed especially for the plant by its chief 
and assistant chief engineers, who also designed the oil 
filters, which will handle two barrels an hour. The 
filters, shown at the top of Fig. 7, have run over a year 
without cleaning and the oil leaving them now is per- 
fectly clean. There are two sets of filters so piped as to 
allow of quickly changing over if one should overflow. 
This, however, has never happened, owing chiefly to the 
ample head at the filter inlet. 

The oil is handled as follows: 

In barrels it is dropped from the street to the “oil 
room” by a sidewalk lift. From the barrels it gravitates 
through fill pipes to receiving tanks in the cellar, as 
shown in Fig. % When the barrel is empty the valve 
in the fill pipe is closed, compressed air at 40-lb. pres- 
sure is then admitted to the tank, the valve in the riser 
to the storage tanks over the boilers is then opened and 
the oil forced to them. The compressed air is taken 
from the receiver supplying the deep-well water air-lift 
system. The receiver pressure is 75 |lb., but is stepped 
down to 40 Ib. by a reducing valve before being used 
in the oil tanks. When the oil-receiver tank is emptied 
the valve in the riser is closed and the air pressure cut 
off. The oil then gravitates through the feeder mains 
to the engines. Thence it runs to a receiver and small 
duplex pump in a pit and continues to the filters over the 
storage tanks, the oil runing by gravity to the storage 
tanks from the filters. The cylinder oil gravitates to all 
lubricators and oil fountains throughout the plant. The 
system works admirably, the only trouble encountered 
being the plugging of the valves of the “dirty oil” pump 
with waste which gradually accumulates. This is obvi- 
ated by cleaning the pump chambers frequently. All 
machines (except a few pumps) requiring internal lu- 
brication have force-feed lubricators. 

Drips AND DRAINS 

The drainage or sanitary sewage is mostly below the 
sewer, so it is run into a receiver in a sump below the 
lowest drain level. From the receiver it flows to an 
ejector, which discharges it to the sewer. The ejector 
has a float, raised and lowered by the level of the liquid 
within it, which operates a valve in a compressed-air line 
when the ejector is full and allows the air to enter and 
force the liquid to the sewer. The ejector-inlet pipe has 
a check valve to prevent the liquid from running out 
when discharge occurs. A check valve in the discharge 
pipe prevents any inflow from the sewer. The above ap- 
plies to the “new plant” only. In the “old plant” the 
drainage collects in pits from which it is pumped to the 
sewer automatically. 

The drips from the steam headers, mains and all pip- 
ing in the “new plant” are trapped and collected in a 
receiver below the traps. They are then carried to a dis- 
charge chamber at the top of the boiler house and from 
there are discharged into the boilers. The drips in the 
old plant are trapped and discharged into the feed-water 
heater. 

VacuuM CLEANERS 

The vacuum-cleaning plant is divided into two sec- 
tions, one in the basement of the Main building, the 
other in the basement of the new North building. At 
present the one in the Main building takes care of the 
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Main, Prudential and West buildings, while the other 
two machines furnish vacuum for the North and New 
North buildings. Only those in the North building are 
shown in Fig. 5. 

The machines are motor-driven, as shown in Fig. 8, 
which illustrates the North building machines. The 
vacuum lines are piped throughout the entire buildings, 
including the boiler and engine rooms. The tops of the 
boilers and headers are cleaned by vacuum. 


MacHINe SHop 


There is a complete machine shop for doing repair 
work and making new parts for worn machines. This 


shop is a necessity as outside of the many repairs to, and 
new parts to be made for the equipment, there is much 
work to be done and renewals needed by the kitchens and 
printing establishment. The latter occupies nearly all 
of the West building. The four lower floors are crowded 
with printing machinery, the minor repars to which are 
in charge of the chief engineer. 

The shop equipment consists of three quick-change 
lathes, one 26-in. swing, 18-ft. centers, and two 16-in. 
swing and 14-ft. centers; four vertical and one radial 
drill presses, two shapers, two emery wheels, two power 
All except the grind- 
stones are driven by direct-connected individual motors. 


hacksaws and two grindstones. 


Records AND DATA 


Fig. 9 shows the engineers’ daily report sheet. One 
of these is made out for each of the three watches. The 


report sheet is very complete and yet is not burdened 
with useless items. There is also a weekly report sheet, 
filled out by the foreman of the elevator repairmen. This 
report includes the headings: Location, under which is 
recorded location, number, and kind of each car, Dumb- 
waiter and Hoist, Cylinders and Plunger, Sheaves, Op- 
erating Valves, Car and Safeties, Cables, Counter Read- 
ings and Supplies Used and Wanted. At the bottom of 
the sheet space is left for reporting the condition of, 
and the repairs to, each of the nine accumulators. 

A card system is kept on which is recorded all data 
relative to each of the great many motors throughout 
the buildings, the kind of service performed, size, num- 
ber; size, number and kind of brushes, kinds of repairs 
and renewals and dates made are all recorded on these 
cards, one of which is made out for each motor. The 
purpose of these cards is to facilitate the ordering of 
parts. 

Besides the various filled-in report sheets are the 
charts from the recording instruments, which are pro- 
vided wherever needed. The records, therefore, are ex- 
ceedingly complete. 

LABOR AND WATCHES 

Including the electrical division of the engineering de- 
partment, there are forty employees under the direct 
supervision of the chief and assistant chief engineers and 
a chief electrician. Each of the three watch engineers 
has an assistant engineer on watch with him. Each man 
has a particular part of the equipment assigned to him. 
The direction of the detail work for the whole plant, ex- 
clusive of the electric lighting, is in charge of the as- 
sistant chief engineer. 

The watch engineers, their assistants, oilers, switch- 
board tenders and firemen work in 8-hr. watches, shif?- 
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ing about every two weeks. The switchboard-tenders are 
in charge of the dynamo-tender, who is responsible for 
all motors and generators. The other men, including 
steam fitters, plumbers, pumpmen, cleaners, etc., work 
9-hr. all-day watches, each man taking his turn at Sun- 
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the weight of the water in that leg, but simply its volume, 
and it pushes upward to ¢ without pushing the level at a 
up at all, because in its heated condition the column ec 
weighs no more per unit of section than the cooler column 
ad. 














day work. In Fig. 2 it is shown that this condition does not re- 
PRINCIPAL EQUIPMENT OF THE PRUDENTIAL INSURANCE COMPANY’S PLANT 
No. Equipment — Use Kw. Volts me R.p.m. Size Pres. Hp. Manufacturers. 
eee Water-Tube. Steam Generation......... 5 eR A Gr I ee ee ree 160 250 Babcock & Wilcox Co. 
SR eee eer Water- -Tube.. Se ee ae Ee ee eee ee 160 500 Babcock & Wilcox Co. 
3 Engines. Tande m-Compound.. Ee es ice ance wala alc beaten 17x30x18 in 160 325 Ball& Wood EngineCo. 
2 Engines............ Vertical Cross-Com- ea . c 
pound.. ee eee Rak. Rammas 21x35x30 in. 160 750 Ball & Wood Engine Co. 
DS oc cenneseccs Tandem-Compound.. | eae a ae ee ee 12x22x16 in. 160 175 Ball & Wood Engine Co. 
3 one Direct Current....... BAG WEG. ec cv ese ee BE 24D BORD Rarer ... ... Sprague Elecgric Co. 
2 . Direct Current....... pS OL ere 500 240 2000 MM Sitar. eiaca.00 sa tans Sprague Electric Co. 
3 Direct Current....... pS rere eee 150 240 600 er Sprague Electric Co. 
a eee Direct Current....... Load Balance............ 50 125 400 Seer Sprague Electric Co. 
1 Balancer........... Direct Current....... Load Balance............ 30 125 240 . eee Sprague Electric Co. 
1 Switchboard........ Remote Control...... Electrical Control. . Sui ay Me Marne sacwlipsse ete enore rack General Electric Co. 
1 Switchboard........ Remote Controlled.... Main Contactor Board... So BP ie ake tse ain General Electric Co. 
4 Motor-Generators.... Direct Current....... Low Tension Electric Sys- DP ses 20 Oe iss cecasaes Holtzer-Cabot Co. 
3 Flywheel Pumping Triplex-Compound Hiigh-Pros. Elevator Bye ....0 22.0 scce secses ae 750 Laidlow-Dunn-Gordon Co. 
Engines......@.. ESA re | RSE rere 
S GRMN a. 055 oowaves Duplex Compound.... High-Pres. Elevator Sys- ....0 1... 0 2.2.00 weeeee 12x18)xtxl2 750 Laidlow-Dunn-Gordon Co. 
SEE ae 
DN. Si Si cccusan Duplex Compound.... Pilot Pres. Elevator Sys- ....  ... 0 1... 0 ceeeee BixT}x6x10 80 Laidlow-Dunn-Gordon Co. 
OS RES ee 
ENN se does NIA a5 bce: arererd oie Safe-Lift.. eee 9x2} x10 in. 2500 Laidlow-Dunn-Gordon Co. 
2 Air Compressors.... Single-Stage.......... Compressed. Air Supply. Variable 12x30x12 i in. 75 Ingersoll-Rand Co. 
, ee . Direct Acting........ Ammonia ——- Ae a Pe ee ee eae Foster 
DB RO so ekcassies Double-Acting Triplex. Brine Circulation......... 0... 0 22.0 ween ceeees 5}x8 in DeanBros. Steam Pump 
orks. 
S Des once nse Single-Acting Triplex.. Icewater Circulation...... .... 0 2.6.00 2... wees 5x8 in. > /, Steam Pump 
orks. 
ere Ree are Tice Oe 6x6 in. . H.R.Worthington Co. 
2 Generators......... Steam Heated........ es ee ee 35 tons Carbondale Machine Co, 
DS Moi iccccn es  Kincsinw ne acesesadign Refrigeration Plant....... 1... 2. see. eeeees 35 tons Carbondale Machine Co. 
LE eee en erg eee EINE 0s d:a5s- bcute .ds:e)' Suis a@aldae emake awe'an Carbondale Machine Co. 
DP TE i os S60. 0 Open DEE aiid ska Gas Sain scans —eelecimenine wes — Steam Specialty 
oO. 
© MN, chien ataace Vertical-Duplex ee i ee wees Faken 12x17x15 in H. R. Worthington Co. 
Compound. . ot 
a Duplex-Compound. cn Ate TORRE I ose sis case as suas vebade 9x4x15 in. 80 H. R. Worthington Co. 
2 Pumps.. -- Duplex... House Water Supply...... 10x10 in. 80 Laidlow-Dunn-Gordon Co. 
i SRS a5 are cac ts avecus Duplex. . Oiling System... .. ee 3x3 in. a H. R. Worthington Co. 
Oe tras atsccaceccue raters ores ac hited ecaecner om ee UN OREO ics ciccs Siete Kiara, Sbwese ores sewadwas Continental Jewel Filtera- 
; : tion Co. 
MMR eGR Cale, aaisserpiareaisaeaseskieeraneaitik PE EM icniccAc, 2Gee sk ake Sea. eledescpe sence Continental Jewel Filtera- 
tion Co. 
1 CondensatejReturn Gravity Holly Loop... Drip Return to Boilers.... ....0 2... 0 2... 0 cece e eee eee eee Westinghouse-Church Kerr 
ae 0. 
ee er \Conspreesed Air...::.. Waste Water Ealt to Gewer. ....0 60.0 cece ceccce sowsescscece Shone Co. 
2 Engines...... Slide-Valve........... ir asis aise, Gad Gidinih. Sniedwhi, Star ia/Siareinlor ans B. F. Sturdevant Co. 
2 Coal Conveyors... MII 5.055) 04 bareiece Coal Transportation... NP eee ET eS ee Old—McCorbin Co. 
New—Campbell Co. 
2 Coal Conveyors..... Belt..i.c.ccscie - UID 6 5.4555:5: seas das <KGSe cebeae —d’rs-ancmae~waee Old—McCorbin Co. 
: nero New—Campbell Co. 
2 Coal Weighers...... ee ORL ee Weighing Coal............ Fe ERT atte Mec et 2 Richardson Auto. Scale Co. 
2 Vacuum Cleaners.... Pump-12 Sweepers.... Vacuum Cleaning......... er ee ey er eee Vacuum Cleaner Co. 
1 Vacuum Cleaner.... Pump-25 Sweepers.... Vacuum Cleaning......... . asi RRR) <saduneiiaearci<:s Kenney Co. 


As shown in the diagram, Fig. 5, the men are well pro- 
and tub and shower 


vided with locker rooms, lavatories 


quire equality in the size of the leg, and in Fi 


g. 3 that 


baths. The heating equipment of this plant will be de- 
scribed in a later issue. 

The writer desires to thank E. G. Lender, chief en- 
gineer, W. H. Sergeant, assistant chief engineer, and the 
George B. Post Co., architects of the Prudential build- 
ings, for their assistance in the preparation of this 
article. 
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Why a Recently Blown Column Shows a 
Higher Water Level 


It is a matter of common observation that if a water 
column or gage glass which has been standing so long that 
the water in it has become cool, is blown off, the water 
level indicated will be higher. The reason for this is that 
the colder water with which the column is filled after 
standing weighs more per cubic inch, and a shorter column 
of it will balance a longer column of hotter water. 

If water be poured into a U-tube, as in Fig. 1, until 
it stands at the level a in the left-hand leg, it would also 
stand at the level b in the right-hand leg if it were of the 
same temperature. Suppose now the water in the right- 


hand leg to be heated up, this heating does not change 


one of the legs of the tube may be the water column 
and its connections, and the other leg the boiler to which 
they are applied. 

At 80 deg. Fahrenheit one cubic foot of water weighs 
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Wuy a RecentLty Blown Cotumn SHows a HIGHER 
Water LEVEL 


62.22 lb., at 340 deg., corresponding with the pressure of 
118 lb. absolute, 55.94 lb., or only about nine-tenths as 
much as at the lower temperature. The cooler column 
would therefore have to be only about nine-tenths as high 
as the lighter column, or for a column 30 in. in length 
there might be, under these conditions of temperature, 


a difference of three inches. 
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American Multipar Hydraulic Dead Weight 
Tester 


This is an accurate hydraulic dead-weight gage tester 
in which each 10-0z. weight will calibrate from 1 to 100 
lb. per sq.in. pressure, and a 614-lb. weight from 100 to 
1000 lb. pressure. Multiples of these dead weights make 
the tester’s usefulness practically unlimited, it being as 
simple to calibrate a 25,000-lb. gage as one of 5 lb. 

This range is secured through a simple system of mul- 
tiple pistons, two of which are fixed and permanent. The 
top cylinder has two interchangeable pistons, the larger 
being used for pressures from 1 to 100 lb. per sq.in.: the 
smaller for from 10 lb. to whatever pressure is desired. 
The outfit as regularly supplied will test up to 25,000 Ib. 
per sq.in. 

The tester consists of three cylinders, three pistons and 
two pressure chambers—upper and lower. The top pis- 

















HIGH-PRESSURE GaGr TESTER 


ton and cylinder give 1-lb. pressure for every ounce ap- 
plied, so that 10-oz. weight will give 10-lb. pressure in 
the upper chamber. This pressure is exerted on a piston 
1 sq.in. in area, which is fitted into the lower part of the 
upper chamber. This larger piston is in direct line and 
in communication with a smaller piston fitted into the 
lower cylinder and pressure chamber. The piston in the 
lower cylinder has a known area which multiplies what- 
ever force is exerted on the end of the larger piston, and 
the pressure thus created is communicated directly to the 
gage being tested. 

Low pressure tests are made by opening a bypass con- 
necting the upper and lower cylinders, which allows the 
pressure, created by a pressure screw in the lower cham- 
ber, to be transmitted directly to both the upper chamber 
and the gage being tested. The instrument is thus con- 
verted into the original direct dead-weight tester, and 
can be used on pressures from 100 to 1 Ib. per sq.in.: 
pressures of less than 10 lb. can be obtained by substi- 
tuting a piston supplied with the outfit for the upper 
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cylinder which will give 1 lb. pressure for each 10-oz. 
weight. 

The tester is made by the American Steam Gauge & 
Valve Manufacturing Co., Boston, Mass. 


3 
Value of Boiler Specifications 
By F. W. Rose 

Nearly every issue of certain technical papers contains 
one or more accounts of boiler failures or explosions, 
which have been more or less destructive to life or prop- 
erty; many more accidents happen accounts of which 
never reach the technical press. 

Some of these accidents could be eliminated if all boil- 
er manufacturers were required to follow more closely 
high-grade specifications in the building of their boilers. 

Generally the purchaser depends on the manufacturer 
or his agent to tell him how the boiler should be built, 
or, more often, the purchaser tells the manufacturer that 
he wants a boiler of a certain size for a certain pressure, 
and nothing is said about the quality of material or work- 
manship. 

All reliable boiler insurance companies have certain 
standards to which boilers must conform if approved by 
the company. 

If the purchase of the boiler is left to a responsible 
consulting engineer, it is his duty to see that the boiler 
is built according to high-grade specifications. 

The following aptly illustrates the advantages of buy- 
ing according to specifications. 

Specifications were issued for the purchase of a horizon- 
tal return tubular boiler, and the contract was let to a 
supposedly reliable manufacturer of high-grade boilers. 
The boiler was delivered ready for erection, before an in- 
spection was made by the consulting engineer, who rejected 
the boiler on the grounds that it did not conform to the 
specifications under which it was purchased. An inspec- 
tion was then made by the inspector of a reliable insur- 
ance company. ‘This inspector reported that 18 new 
tubes must be put in before the insurance company would 
accept the boiler. The boiler was not accepted, and an- 
other boiler was furnished by the same company, but it 
did not conform to the specifications, and was likewise 
rejected ; a third boiler, which did conform to the speci- 
fications, was furnished by another company. 

There was nothing special about the specifications, and 
any first-class boiler shop could have lived up to them if 
they had so desired. 

The principal objections to the first two boilers were 
that the tubes were too short to allow for proper beading, 
and were weakened from excessive rolling; the first boil- 
er was several inches shorter than called for. 

In all probability either one of the rejected boilers 
would have been installed, had there been no specifica- 
tions to which the manufacturer had to conform, and 
would perhaps have performed the service required. 
Nevertheless, there was a weakness which might have re- 
sulted in a serious accident, and after the accident there 
might not have been enough left of the boiler to deter- 
mine the cause. 

The two rejected boilers are still waiting for some 
purchaser who will not know the difference between a 
high-grade boiler and an inferior one. 
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Engineering Progress in the U. S. Navy 


SY NOPSIS—For the conditions of service under which 
the American battleship fleet operates, the reciprocating 
engine is more efficient. In ease of upkeep, weight and 
space required it has the advantage and in reliability at 
high powers it is on a par with the turbine. 
3 

In his paper on the above subject read before the 
Society of Naval Architects and Marine Engineers at the 
New York meeting, Captain C. W. Dyson made a compar- 
ison of propelling machinery for heavy vessels of moderate 
In this comparison were included reciprocating 
engines; steam turbines of the impulse and reaction types, 
and a combination of the two; also combinations of recip- 


speed. 


of the “Utah” over that of the “Delaware” at 12 knots 
is 20 per cent., thus corroborating the results. 

At the effective horsepower value required for 21 knots 
by the “Delaware,” the “U tah” requires 1.015 times as 
much fuel as the “Delaware,” a difference so slight as to 
be negligible. From the above results, it appears justifi- 
able to decide as follows: 

Should the duties of a vessel be such that she be re- 
quired to steam for long periods and long distances at 
speeds much lower than her designed maximum speed, 
a less fuel expenditure per day will be required, and con- 
sequently a greater cruising radius will be obtained and 
less frequent recoaling necessitated should reciprocating 

























































































rocating engines with turbines. The relative values of engines be fitted rather than turbines for propelling 
turbine reduction gear, electric propulsion and internal- purposes. 
combustion engines for propulsion were not 
dealt with, as final operating data had not as 3 
431 
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of the “North Dakota” 12.1 knots. Assuming 

that shaft horsepower is approximately 92 per 

cent of indicated horsepower in large, well designed re- 
ciprocating engines, and reducing the indicated horse- 
power of the “Delaware” to shaft horsepower, the fol- 
lowing table of comparison results: 


“Delaware” “North “Utah” 
Dakota” 
Speeds of equal e.hp.. oo... cicccescs 21 21.1 20.82 
I. hp. for this speec y Sra g atlas hehe euiai ire ats 23,400 meas wirscctecata 
S. hp. for these speeds... .........6....: 21,528 27,150 25,000 
Propulsive coefficient equals (per cent.) 
mea WRI eas oli snh bh iias ye See 71.76 56. “"d 61.8+ 
Cruising speeds of equal e.hp..!... . 12 12.1 12.17 
Bs DSO MMM ONOOW 6.6 6.5. occ seis cw c.8ea 0 (ices; «60S eaten 
S.hp. for these speeds................ 3,312 3,825 3,975 
Propulsive coefficient equals (per cent.) 
MOP MINI clea assis 4.0 cab ace daw ieidiars,s 74+ 64.1+ 61.6+ 


While the “‘Florida” curve is shown in Fig. 1, that vessel 
is not included in the above table, as the weather con- 
ditions during her standardization trials were unfavor- 
able and the efficiency of the propellers fell off greatly. 
In Fig. 2 a comparison is made of the pounds of fuel 
per knot required at different speeds by the four dread- 
noughts. In this figure is also shown a curve of excess 
fuel for the “Utah” over that required for the “Delaware,” 
all the curves being drawn with effective horsepowers as 
abscissas. For the effective horsepower value required for 
12 knots speed of the “Delaware,” the “Utah” requires, 
these curves, 22 per cent. more fuel. From the steam 
logs of the two vessels, the average excess fuel consumption 


CURVES ror DIFFERENT SPEEDS 

Should, however, the vessel operate from a fixed base, 
only doing sufficient cruising to insure that the machinery 
is kept in efficient condition in readiness for forced runs 
to any threatened point, the value of fuel economy at low 
speeds becomes minimized and, where the maximum 
speed of the vessel does not exceed 21 to. 22 knots, either 
turbines or reciprocating engines may be used, the choice 
being dependent upon other factors than economies, 
which are practically equal at these speeds. 

For the conditions of service and the fuel capacity 
entailed under which the American battleship fleet oper- 
‘ates, the reciprocating engine is preferable to the turbine 
as a propelling engine at the present stage of turbine 
development. The Navy Department is, however, 
thoroughly alive to the advantages to be gained by adopt- 
ing rotary in place of reciprocating motion in the main 
propelling machinery of the heavy vessels of the fleet, 
and while recognizing the present advantages held by 
the reciprocating engine in the matter of economy at low 
fractions of designed power, holds itself ready to discard 
the reciprocating engine as soon as the turbine designers 
can demonstrate by actual performance that their claims 
as to equality of economy at low powers with the older 
machine have been realized. It was with this object 
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view that the department decided to install impulse 
turbines in the “Nevada.” 


EASE OF UPKEEP OF MACHINERY 


The claim is frequently made by the turbine advocates 
that while the reciprocating engine, when new, is un- 
doubtedly more economical than the turbine at small 
fractions of designed power, this advantage is soon lost 
in active service, due to excessive wear of piston and 
valve rings causing heavy leakage of steam. The turbines, 
not being subject to such frictional wear, would, on the 
other hand, retain, their original economy indefinitely. 

Practical experience with both types of engine in actual 
service comes very far from justifying this conclusion. 
In fact, with intelligent supervision, the reciprocating 
engine, particularly since forced lubrication has been 
applied, holds its superiority continuously. 

When reciprocating-engine vessels visit the navy yards 
for their regular overhaul, the work to be done on the 
main engines is practically nil, as the machine shops 
and foundries of the battleships are of ample capacity 
to take care of all repairs that may be necessary except 
such as the fitting of a new cylinder or the repair of a 
fractured bedplate. The above remarks apply only, how- 
ever, to ships fitted with forced lubrication, where the 
wear of bearings and journals has been practically elim- 
inated. In a letter from the senior officer of the 
“Delaware,” the following statements occur: 

“Between July 1, 1910, and July 10, 1912, the “Dela- 
ware” has steamed 54,627 miles (knots) without a hot 
bearing. 

“About the only wear on the brasses on the forced 
lubrication system is on the crossheads first, then guides 
and then crankpins. 'The wearing away of the piston 
rings apparently starts all the other wear.” 

That is, keep the pistons in line and the wear on the 
running parts'is practically eliminated. The experience 
of the “Delaware” is corroborated by the experience of 
every reciprocating-engined vessel of the fleet to which 
forced lubrication has been applied. This system not 
only insuring efficient lubrication, but also reducing wear 
on all running parts, decreases the initial friction of the 
engines and reduces to a minimum all shock on crankpins, 
crossheads and main bearings, thus preventing hammer- 
ing out of the white metal and wearing down out of line. 

With the turbine, the case is quite the opposite. Fully 
99 per cent. of the troubles that occur are internal 
troubles, and consist of erosion of blades and _ nozzles, 
stripping of blading, heavy corrosion of rotors, dia- 
phragms and turbine wheels, causing destruction of bal- 
ance. All of these troubles require a perfectly smooth 
haven in which to make repairs, and the majority of them 
require dock-yard facilities. 

In the cases of the main engines of the three scout 
cruisers “Birmingham,” “Salem,” and “Chester,” the 
“Birmingham,” with reciprocating engines, has always 
been ready for service, while her two sister ships have 
been repeatedly laid up at the yards for overhaul of the 
main turbines. Evidence of experience leads to the con- 
clusion that a battleship fitted with reciprocating engines 
for propelling purposes is much less apt to he forced off 
her station by necessary repairs to her engines than is 
one fitted with turbines. 
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RELIABILITY AT HigH Powers 


From the natures of the two machines, it would appear 
safe to decide this condition as being distinctly in favor 
of the turbines, as this type of engine is completely free 
from all reciprocating parts held together by bolts and 
nuts. Experience with the “Delaware’s” engines, how- 
ever, lead to the conclusion that where proper care is taken 
to lock all nuts securely, and to effectively protect the 
engines against the shocks of reversal gf direction of 
motion, the reciprocating engine can, even here, be re- 
garded as nearly on a par with the turbine in reliability. 
The full-power 24-hr. run of the “Delaware,” made with- 
out preparation immediately after her arrival home from 
Chile, demonstrates this reliability of the present type 
of battleship engines very thoroughly. The vessel put to 
sea, and upon getting well clear of the land a full-power 
run of 4-hr. was started, during which time the vessel 
averaged 21.86 knots per hour. Without intermission the 
vessel continued on for 20 hr. longer, averaging for the 
full 24-hr. a speed of 21.3 knots, the ship automatically 
slowing down as the fires became dirty and the personnel 
fatigued. Upon the completion of the trial a radiogram 
was received from the commanding officer of the vessel 
reporting that not the slightest disarrangement had 
occurred to either the main engines or the auxiliary ma- 
chinery, and that she was ready for immediate service. 


MINIMUM WEIGHT AND SPACE REQUIRED 


As already shown, the total heat units required to be 
absorbed by the boilers, both for Parsons turbines and for 
reciprocating engines, with battleships of the speed and 
power that now exist, is practically the same in both cases 
at full power. This indicates that, for existing conditions, 
nothing can be saved in the boiler room weights or space 
by adopting turbines, as the same boiler power is required 
in the two cases. 

In the engine rooms, for these powers, however, the 
reciprocating engine has a decided advantage in both 
weight and space required. In the “Delaware,” “North 
Dakota,” and “Utah,” the engine room weights and space 


required are as follows: 


“Delaware” “North “Utah” 

Dakota”’ 
Engine room weights, dry tons... . 728.26 731.23 864.69 
Engine room weights, wet tons. . 773.26 785.93 919.80 


Engine room, length, ft... . . 44 44 60 


Engine room, total width, ft... 50.5 50.5 51 
Engine room, sq.ft. floor space. . 2222 2222 3060 


While the turbines of the “North Dakota” appear to 
be about on an equality with the reciprocating engines 
of the “Delaware” in the matters of weight and space, these 
turbines were extremely uneconomical. Modern turbines 
of this type would require an engine room more nearly 
equal in length to that of the “Utah,” and the engine- 
room weights would be considerably increased. 

While the reciprocating engine has a decided advantage 
in the features of weight and space required, under pres- 
ent conditions, these advantages would disappear should 
the necessary power to be developed be increased consid- 
erably above what is now asked for, and the advantage 
would rest with the turbine. Should such an increase 
of power be called for in future designs, or should the 
ordinary cruising speed be made considerably higher than 
now used, the Navy Department would undoubtedly aban- 
don the reciprocating engine and adopt one of its rotary 
rivals for the propulsion of its capital ships. | 
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EFFICIENT PROPELLERS FOR MANEUVERING 

In considering this condition, the relation of the back- 
ing power as compared with the maximum full power 
ahead, and the time required from full speed ahead until 
the vessel was dead in the water, was taken as a basis of 
comparison, which resulted in favor of the reciprocating 
engine. 

Dividing the backing power by the ahead power of the 
“Delaware” gave 87.5 per cent. as compared to 35.7 per 
cent. for the “Utah.” These results are corroborated by 
the destroyers and other vessels of the navy. 

In judging the steadiness of the hull as a gun platform 
as affected by machinery, it seems only fair to base the 
decision upon the results of target practice of the vessels 
in service. If this is done, the decision could be given 
to the reciprocating type of machinery, as the “Delaware” 
has just won the championship of the battleship fleet, 
with the “Colorado,” another reciprocating engine vessel, 
standing second on the list. From these results it appears 
reasonable to state that, with well balanced reciprocating 
engines, no ill effects on gun fire should be expected. 

Basing the choice between reciprocating engines and 
turbines for battleship propulsion under existing con- 
ditions of speed and power, the advantage appears to 
rest most decidedly with the reciprocating engine. 


COMBINATION SYSTEMS 


In the search for economy of propulsion through a wide 
range of speeds, various combinations of reciprocating 
engines and turbines have been proposed, both by the 
Bureau of Steam Engineering and by the shipbuilders, 
but only one of the systems has as yet been authorized, 
and that one is for destroyers. It has not yet been tried 
out in service, but preliminary shop tests show a good 
gain in economy of the main propelling engines at cruis- 
ing speeds. This system, as applied to the destroyers, 
depends entirely for its gain upon the greater efficiency 
of the reciprocating engine at the higher steam pressures 
over the efficiency of high-pressure turbines of the re- 
action type and the high-pressure nozzles of the impulse 
type of turbine, no advantage being gained from increased 
efficiency of propellers, as the reciprocating engines are 
on the same shafts as the turbines. From some points of 
view this combination is undesirable, and the gain in 
service must be considerable to justify its retention. 

With the other combination systems proposed, calcu- 
lations indicate that if the propulsive efficiency counted 
upon can be obtained, these systems will all be very much 
more efficient than either a straight turbine or straight 
reciprocating engine drive at maximum power, will hold 
a big advantage over the straight turbine drive through 
all ranges of power, and will hold its advantage over 
the straight reciprocating engine drive until a minimum 
speed of about 11 knots is reached, when the efficiencies 
become equal. 

The “if” exists, however, and is caused by the danger 
of the currents thrown to the rear by the big recipro- 
cating-engine screws seriously affecting the rate of feed 
and direction of flow of water to the turbine propellers. 
In addition, there may possibly be another source of loss 
due to heavy leakage of steam through the large change 
valves which must be fitted to control the paths of flow of 
the exhaust steam from the reciprocating engines. 
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In all of these systems, to adapt them to naval require- 
ments, it is necessary to exhaust from the low-pressure 
cylinders of the reciprocating engines at a pressure of 
not less than 25 lb. absolute, when this engine is opera- 
ting at full power, and to bypass as few of the stages of 
the turbine as possible in order to obtain an increased 
economy of propulsion through a large range of powers. 

[The balance of the paper, which will be abstracted in 
a later issue, was devoted to turbine changes, improve- 
ments in reciprocating engines tending towards increased 
economy and reduction in weight and a discussion of oil 
fuel.—Epr1ror. | 
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Worthington Turbo Blowers and Compressors 

Turbo-blowers and compressors have certain advan- 
tages over reciprocating compressors in various fields. 
In consequence of the demand growing out of this fact 
the firm of Henry R. Worthington, Harrison, N. J., 
made a comparative study of the different apparatus of 
this type manufactured throughout the world. This in- 
vestigation covered operating efficiency and reliability as 
well as general design and economy, and led to the con- 
clusion that the product of Pokorny & Wittekind, of 
Frankfort-on-the-Main, Germany, pioneers in this field, 
had shown the best results in every respect. Early in 
1911, therefore, the rights for the manufacture and sale 
on the American Continent and in the Hawaiian and 
Philippine Islands, of the full line of turbo-compressors 
so successfully developed, were acquired by Henry R. 
Worthington. This firm is now in position to build and 
supply such apparatus for all ranges of capacity and 
pressure ordinarily covered by reciprocating compressors. 

Turbo-blowers and compressors are quite similar, ex- 
cept in the matter of water jacketing and the number of 
stages, and are very similar in construction and prin- 
ciple to centrifugal pumps. The differences between cen- 
trifugal pumps or blowers and compressors are prin- 
ciple such as are required to adapt the compressors for 
handling light and elastic fluids, instead of the heavy 
and almost incompressible water. The success of this 
apparatus, however, is largely a question of engineering 
and shop experience and development. 

Fig. 1 illustrates an experimental turbo-blower built 
and installed at the Harrison works for the special pur- 
pose of testing and checkiig the performance of the 
apparatus. The machine is shown on the testing floor 
driven by a steam turbine through a torsion dyna- 
mometer. Fig. 2 shows an end view of the testing set 
looking toward the blower. Fig. 3 shows a motor-driven 
turbo-blower of the type used for capacities of from 10,- 
000 to 30,000 cu.ft. of air per minute at 15 Ib. gage 
pressure. Fig. 4 is a view of a turbo-compressor driven by 
a mixed-pressure turbine and having a capacity of 10,000 
cu.ft. of air per minute against a presure of 1000 Ib. 

Centrifugal and turbo-blowers and compressors con- 
sist simply of a stationary casing inclosing a rotating 
element supported in bearings. The casing may contain 
one or a number of impellers, depending upon ‘the pres- 
sure desired. The impellers, carried upon a_ shaft 
equipped with a thrust bearing, constitute the rotating 
element. The casing has a suction and a discharge open- 
ing and is divided into as many cells or stages as there 
are impellers. Leakage about the shaft and between the 
stages is prevented by labyrinth packings. 
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Fig. 1. BirpsSEYE VIEW OF AN EXPERIMENTAL TURBO-BLOWER UNDER TEST AT THE WORTHINGTON WorKS 
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Fic. 3. TurBo-BLOWER 


The air enters the suction pipe at low velocity and is 
guided to the impellers by directing vanes; in passing 
through the impelless the pressure and velocity are in- 
creased. Leaving the impellers the air is received by a 
ring of diffusion vanes which convert a large part of the 
velocity into pressure and greatly reduce the leakage 
losses. Upon leaving the first set of diffusion vanes, the 


air at reduced velocity, flows by easy curves to the influx 
chamber preceding the next impeller. This process is 
repeated for each stage until the exhaust is reached. 

A light and compact prime mover can be used as, 
owing to the high rotative speeds, the prime mover and 
the compressor can be directly connected; moreover, 
whether the prime mover is an electric motor, or a high- 
pressure, an exhaust or a mixed-pressure turbine, it can 

















Fic. 4. TursBo-coMPRESSOR 


be operated at its most desirable speed. High efficiency 
is maintained throughout the life of the machine. 

Other advantages of turbo-compressors over other 
types may be summarized as follows: Low first cost; 
minimum attendance; continuous even flow of air; com- 
pact construction: light weight; small foundation and 
installation expense; minimum upkeep charges; sim- 
plicity of construction, insuring ease of operation and 
minimum of attention: long life, due to few rubbing 
parts and rugged construction: absence of valves, which 
are troublesome and cause loss of efficiency; low friction 
loss, due to the few rubbing parts; absence of packing 
trouble; absence of vibration, and economy of lubricants. 
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Ground Detectors 
By R. L. MossMAan 


The diagrams show the various methods of .connect- 
ing lamps and voltmeters as ground detectors, also the 
electrostatic detector as used on high-voltage alternating- 
current circuits. A ground detector is an important in- 
strument on a switchboard and should be used frequent- 
ly; when a ground shows on a line it should be cleared 
as soon as possible, for if the line of opposite polarity 
should ground a short circuit and interruption of the 
service would result. 
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made at F and there is no ground on either line the bril- 
liancy of the lamp will not be altered. If there is a 
ground on B, as at G’, lamp L’ will go out or burn dim 
and L will burn brighter according to the resistance of 
the ground; if the ground is on A, L’ will burn brighter. 
This is a simple and very good ground detector when a 
voltmeter is not available. 

Fig. 4 shows a lamp ground detector suitable for a 
three-wire low-tension system. Three lamps, L, L’ and 
L”, are connected in series across one side of the system, 
and a ground connection is made at K. When all three 
lines are clear of grounds the lamps will burn equally 
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A voltmeter makes a very good ground detector, be- 
cause it not only indicates whether a ground is present, 
but by its deflection shows whether the path of the cur- 
rent to the ground is one of high or low resistance. Fig. 
1 shows one way of connecting a voltmeter on a two-wire 
circuit. If the line A should be grounded as indicated 
by the dotted line at G’ and the switch placed on C no 
deflection would result. If the switch is moved to D 
current will pass from line A through the ground on the 
line through the voltmeter to point D, thence to line B, 
thus completing the circuit. When the deflection is ob- 
tained on D it shows that line A is grounded; when ob- 
tained on C it shows line B is grounded. 

If the ground is of high resistance the deflection will 
be small, if of low resistance it will be large. In using 
a voltmeter connected in this way, it must have its zero 
point in the center of the scale, as the current will flow 
through it in the opposite direction on point C from 
what it will on point D. A voltmeter haviug its zero 
point at the left of the scale can he connected as in Fig. 
2 which is a better method. It can then be used either as 
a voltmeter or as a ground detector. When the switch is 
in position CC’ the voltmeter is connected directly across 
the line and gives the voltage on the system; when in po- 
sition HE’ it will indicate a ground on line B, as at @”. 
When in position DD)’ a deflection will indicate a ground 
on the line A as (@’. 

Fig. 3 shows a common arrangement where two lamps 
Land L’ are used in series; each lamp should be for the 
same voltage as that of the cireuit, which will cause them 
to burn half of their rated candlepower. A connection is 
made to ground through switch F. When contact is 
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Fig. 2 Fic. 3 
when K is closed. If line C becomes grounded at G’, 
L and L’ will go out or burn down, and L” will become 
brighter. If line B is grounded L” will become dim 
while LZ and L’ become brighter. If the ground is on A 
all the lamps will become brighter, because all will get 
the full voltage, L” being across A, B, and L and L’ 
in series across AC’. These detectors are applicable more 
particularly to low-tension direct-current installations. 
In Fig. 5 is shown a voltmeter detector on a three- 
phase system, the voltmeter being connected through a 
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Fig. 4 Fic. 5 


transformer 7’. A plug switch is used to connect across 
from M to N, O and P. When across M and N and the 
key A’ is pressed, it will show a ground on B or C; when 
across M and O, a ground will show on A or C; when 
across M and P, it will show a ground on A or B. 
Electrostatic ground detectors are much used on high- 
tension, alternating-current switchboards. They have the 
advantage that they require no current for their operation 
and may be left connected to the circuit all the time, thus 
indicating a ground as soon as it occurs. They also give 


an indication without its being necessary to make an 
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actual connection between the line and the ground, as is 
the case with all the detectors previously described. The 
principle of a Stanley electrostatic ground detector is il- 
lustrated in Fig. 6. This is especially adapted to high- 
tension, alternating-current lines, because the instrument 
is not in actual connection with either of the lines. 
The fixed vanes, M, N, O and P, are connected in pairs 
as shown. The movable vane V is connected to the 
ground at G, and is held in the central position as shown 
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by the small spiral spring S. The pairs of fixed plates are 
not connected direct to the lines, but are attached to 
plates a a’ of two small condensers which consist simply 
of two brass plates, mounted in hard rubber but separated 
from each other. Plates 6 and b’ are connected to the 
lines. When no grounds are present, MN and OP become 
oppositely charged by reason of charges induced on the 
plates a a’ by plates b 6’, the forces acting on vane V 
are therefore equal and opposite. Now assume line B to 
be grounded at G”. This is equivalent to connecting 
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vane V to line B and V takes up a charge similar to O 
and P, hence, it is repelled by O and P and is attracted 
by M and N, thus giving a deflection. If A becomes 
grounded, a deflection in the opposite direction is ob- 
tained. 

Instruments of this kind can, of course, only be used 
where the voltage is fairly high, as the electrostatic forces 
produced by charges due to low voltages would not be 
large enough to operate an instrument unless it were 
made much too delicate to be of practical use in a power 
house. In most electrostatic detectors the lines are con- 
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nected directly to the fixed sectors, and the condensers 
ce are omitted. 

Fig. 7 shows a General Electric three-phase electro- 
static detector without condensers. It is practically three 
single-phase detectors combined in one _ instrument. 
When no ground exists, the three needles point toward 
the center. When a ground occurs on one of the lines, 
the two adjacent needles are deflected toward the segment 
to which the grounded line is connected. Should a 
ground occur on two lines the needle between the seg- 
ments connected to the grounded line will be deflected 
toward the one having the lower resistance ground and 
the two remaining needles will be deflected toward the 
grounded segments. 
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The Turbo Converter 


A novel machine was described by F. Creedy at a recent 
meeting of the British Institution of Electrical Engineers. 
It is intended to overcome the difficulty of commutation 
often troublesome in high-speed turbo-generators of 
large output, which fact led H. M. Hobart to pro- 
pose that when continuous current is required, a turbo- 
alternator be used in conjunction with a rotary con- 
verter. Mr. Creedy, in fact, follows this suggestion to 
the extent of using a turbine to drive a converter, but not 
a rotary converter of the ordinary type; instead, he em- 
ploys a “motor-converter,” very similar to the machine 
known by that name and invented by Messrs. Bragstad 
and La Cour, which has become widely used in England 
on account of its cheapness and efficiency. 

In the motor-converter there are really two machines— 
an induction motor and a rotary converter driven by the 
motor. The winding of the rotor of the motor is con- 
nected by conductors through a hollow shaft with the 
armature of the converter, at suitable points, and about 
half the power is transmitted to the converter through 
these windings, while the other half is transmitted 
mechanically through the shaft, driving the converter as 
an ordinary continuous-current generator. The result is 
that the combined machine runs at half the speed at which 
the motor would run if it were not coupled to the con- 
verter, and possesses other advantages which, however, 
need not be mentioned here. Mr. Creedy availed himself 
of the reduction in speed to permit the commutator of the 
continuous-current part of the machine to work under 
better conditions than obtain in the case of a dynamo 
directly coupled to a turbine. 

In the turbo-converter, the induction motor is replaced 
by an induction generator, the squirrel-cage rotor of 
which is mounted on the shaft of the turbine and there- 
fore driven by the latter. This construction is particu- 
larly favorable, as the rotor can be very strongly built, and 
is easily capable of withstanding the high speed of rota- 
tion, sometimes as high as 3000 rpm. The “pri- 
mary” of the generator, as it is called, though the name 
is not very appropriate, revolves round the “secondary” 
or rotor, but is in no way connected to the turbine shaft ; 
it is carried on the shaft of the converter, as shown in 
Figs. 1 and 2. The primary is driven by the torque due 
to the currents circulating in the secondary and primary, 
and the currents generated in its windings are led by 
insulated conductors through the hollow shaft to the 
armature of the continuous-current part of the rotary 
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converter, in which they are converted to continuous cur- 
rent. The torque which drives the primary is trans- 
mitted mechanically through the shaft to the armature 
also, and drives the latter as a generator. Thus the whole 
output of the turbine, less losses, appears on the contin- 
uous-current commutator. 

Now, the speed of the converter armature, as in the case 
of the motor-converter previously referred to, is only half 
ic Frame of Primary 
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Fic. 1. SECTION THROUGH WINDINGS 


that of the rotor or secondary on the turbine shaft, if the 
alternating- and direct-current machines both have the 
same number of poles; and it may be slower still if de- 
sired, the ratio of speeds being the same as the ratio of 
the number of poles on the induction generator to the 
number of poles on both machines added together. Thus 
with a two-pole induction generator and an eight-pole 
converter, the armature of the latter would run at one- 
fifth the speed of the turbine. This high ratio, however, 
would entail increased cost of construction. It will be 
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Fig. 2. DIAGRAMMATIC ARRANGEMENT OF GENERATOR AND 
CONVERTER 


noticed that the design of the induction generator has 
been so contrived as to reduce the amount of overhang 
of the rotors to the smallest possible amount, and the 
joints between the hubs and the two shafts have been 
carried through the bearings for the same reason. The 
design of the converter portion of the set, however, is on 
the usual lines. 

The advantage of the system as compared with that of 
Mr. Hobart is that, whereas in the latter the alternator 
and the rotary converter would each have to be capable of 
dealing with the whole output of the turbine, in the 
Creedy system each machine need only be large enough to 
carry half the total output. 


POWER 





Vol. 3%, No. 1 


Rectifier for Charging Three-Cell Batteries ' 


The rectifier illustrated herewith is intended for charg- 
ing three-cell lead storage batteries, such as are used for 
automobile or gas-engine ignition and for lighting auto- 
mobiles from an alternating-current circuit. It is of par- 
ticular benefit to the motor-car owner who has a three- 
cell battery equipment, as it enables him to charge his 
batteries at home at small expense and with no trouble 
whatever, directly from his lighting circuit. 

The apparatus consists essentially of a polarized relay 
acted upon by two alternating-current magnets so that 
it vibrates in synchronism with the alternations of the 
current, and arranged to reverse the connection of the 
circuit as the current reverses. The vibrating arm is 
magnetized by current from the direct-current side, 
so that one end is permanently North and the other end 
permanently South, depending on the way the battery 
is connected. The two stationary electromagnets are 
wound so that their lower ends are of the same polarity 
at each instant. When the alternating current is in one 
direction the lower poles of both stationary magnets 
are North, attracting the south end of the vibrating arm 

















RECTIFIER WITH Cover REMOVED 


and repelling the north end. This connects the alternat- 
ing-current to the direct-current circuit in one direction. 
When the alternating current reverses, the pole of the 
alternating current magnets become South, attracting the 
north end of the vibrating arm and repelling the south 
end. This reverses the connection of the alternating- 
current to the direct-current circuit, but as the di- 
rection of the current has also reversed, the- current 


flows into the direct-current circuit in the same di- 
rection as before. The reversal of the connections 
thus takes place every time the current reverses, 


so that the result is a pulsating direct current. A trans- 
former reduces the voltage to the proper value. 
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Ignition from Dry Cells 


By A. L. BRENNAN, JR. 

Although manufacturers of storage batteries have made 
progress during the past few years in raising their pro- 
duct to a high standard of efficiency, still many mem- 
bers of the old school adhere to the notion that dry cells 
are in many respects superior to any other chemical 
means of producing a primary current. This idea has 
been handed down from one gas-engine operator to an- 
other with the result that it would now be quite out of 
the question to dispense with them. 

A few years ago when many operators attributed the 
majority of their engine troubles to the electrical source, 
the batteries were not at fault in every instance, but 
nevertheless, were far from perfect. This, however, does 
not hold true of the present-day cells, although they do 
occasionally give trouble in the hands of inexperienced 
operators. With this in mind the following notes have 
heen prepared to enlighten the inexperienced sufficiently 
to understand the why and wherefore of dry cells. 

There are several features to be considered when em- 
ploying dry cells to furnish a primary current, which 
have to do directly with the cells themselves, while, on 
the other hand, there are other points to be looked after, 
which indirectly interfere with maintaining sparking 
efficiency on a low rate of current consumption. 

In the first place, the cells should be kept in a dry place 
and fully protected from contact with any other element. 
The wiring should be of ample size, all connections firm 
and the contact surfaces of the terminals sufficiently large 
to cause no hindrance to the current. This feature in the 
wiring is often overlooked. Some wire is composed of 
strands which are apt tu become separated, some of them 
breaking off, thus reducing considerably the carrying ca- 
pacity of terminals of the wire; also the switch contacts 
may be at fault. 

Present competition has rendered the production of 
coils and other parts of the ignition system far in ad- 
vance of what they were a few years ago, and at present 
the several appliances to be had are representative of the 
latest means of combining high efficiency in conjunction 
with low discharge rate from the battery. These con- 
ditions, however, are entirely in the hands of the oper- 
ator. He may have at his disposal a thoroughly modern 
coil but, through poor adjustments or other causes, the 
results may be very poor. On looking into the matter it 
tay be found that a small wire offering considerable re- 
sistance to the current is the cause of apparent battery ex- 
austion—a cause in no way allied to the source of the 
primary current. 

Coit ADJUSTMENTS 


Faulty coil adjustments are also largely responsible 
‘or supposed battery faults. By increasing the tension on 
he vibrator the demands made upon the battery will be 
“reater and in many cases with no material advancement 
in the output of the engine. It will be found that having 
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obtained a spark of sufficient density to ignite the com- 
pressed mixture and the motor is once in operation that 
the tension on the trembler can be materially altered 
without apparent change in the running—either increas- 
ing or decreasing the amount of energy taken from the 
battery. This goes to show that to get positive ignition, 
but at the same time to utilize as little battery current as 
possible, the several component parts of its ignitor system 
will have to be adjusted to suit one another. 

Considering a spark plug, for example, much is heard 
about keeping the parts of a spark plug tightly assembled, 
the points clean and the connections of the secondary 
wires secure; but what distance apart should the points 
be set? Some authorities recommend ,;, in., some 
less and others more, and the query naturally arises— 
who is right? It may be said that all are correct as far 
as the actual operation of the motor is concerned, for with 
adequate coils and batteries the varying spark gaps can be 
easily taken care of, but this discrepancy of spark-plug 
adjustment is accompanied by material loss in some cases 
and invariably the battery is held responsible. 

To correct this very prevalent fault, the spark-plug 
gap should be as short as possible; that is merely long 
enough to produce positive firing. Also, the coil should 
be adjusted to its minimum rate of current consumption, 
which adjustment can only be carried out when the mo- 
tor is in operation and working under its ordinary load. 
Positive and ample contacts at all times are necessary. 

On testing a spark plug under ordinary conditions (at- 
mospheric pressure) it is found that much less electrical 
energy is required than that necessary when the plug is 
in the cylinder and the spark occurs under the 
compression pressure of the combustion chamber. 

This point can be readily proved by disconnecting the 
wire at the plug, unscrewing the plug from the cylinder, 
connecting the wire as before and placing the threaded 
section of the plug on the cylinder, then turning the en- 
gine over to the firing point, having the switch in the 
battery contact position. A buzz will be heard when this 
point has been reached, providing the trembler is ad- 
justed approximately, if not, watch the contact points 
at the timer, for when they are together the motor is on 
the firing point. 


high 


If this method cannot be followed observe the marks on 
the flywheel or test the piston with a wire to find when 
the top center on the compression stroke is reached. When 
the firing point is found, adjust the coil to produce a 
spark with the least possible tension on the trembler. 
Having completed this step, insert the plug in the cyl- 
inder, wire and attempt to start. It will be found diffi- 
cult, however, to get the motor to pick up until the ten- 
sion on the vibrator has been materially increased. This 
experiment fully bears out the point that more elec- 
trical energy is required to produce an are under high 
pressure than under ordinary conditions. 

Bearing this point in mind not a few conceive the idea 
that gas could be more readily ignited at low pressures, 
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but this is an erroneous notion, for gas is far more sus- 
ceptible to ignition when compressed. Thus it is found 
that although it takes decidedly more electrical energy 
to produce an arc in high pressure, still there is not such a 
demand made upon the battery as in the case of attempt- 
ing to operate a motor which is not capable of producing 
high compression. 

Defective mixtures are another element which some- 
times very materially affect consistent engine operation 
und lead one to suppose the ignition is at fault. In cases 
of this kind one of the first remedies suggested is a tighter 
adjustment of the contact points which in some cases may 
appear to better the conditions, but the motor should 
operate without this latter adjustment which can only re- 
sult in overtaxing the battery to a certain degree. 

RECUPERATION OF BATTERY 

The points already considered are those dealing with 
how to minimize and maintain efficient operation on a 
low expenditure of battery current and although of great 
importance there are other features of equal value. 

For instance the time allowed for recuperation is also 
to be considered if lasting efficiency is desired from the 
cells. It is not altogether feasible to suggest any strict 
rules to be followed in this respect, for much depends 
upon the method employed in connecting the cells. As- 
suming, however, that six cells are used in series it will 
be found in practice that continuous operation rapidly 
decreases the amperage and that considerable time must 
be allowed for recuperation. To remedy this defect two 
methods are offered. The first is to use two sets of cells 
of the required voltage alternately. A two-way switch 
should be employed and during operation switch from 
one set to the other about every two hours. This method 
will greatly increase the life of the cells and insure high 
efficiency. 

The second method is to connect. the cells in series- 
multiple which is perhaps superior to the first. First con- 
nect the cells in series in numbers sufficient to give the 
required voltage and place these sets of four to six cells 
in multiple by connecting the negative posts together and 
also the positive posts. Cells connected in this manner 
give the lowest rate of discharge in amperes per cell at an 
increased ratio according to the number of series sets in 
line. But it is not a good plan to carry this method to 
extremes, for the deterioration while not in operation is 
considerable; besides the cash investment and space re- 
quired should also be considered. 

% 
Alcohol vs. Gasoline Engines 

A few years ago the aleohol engine was much discussed 
in engineering circles and many went so far as to predict 
that it was only a matter of a few years before it would 
entirely displace the gasoline engine. Contrary to these 
expectations, however, the past four or five years have 
witnessed unprecedented advances in gasoline engine de- 
velopment; not only have they been greatly improved in 
design and construction but the number. in use has in- 
creased enormously. In striking contrast to this, the al- 


cohol engine has practically droppel out of sight, and 
with the exception of a few laboratories is nowhere to be 
found in actual operation. 

Recently we have received a number of inquiries, from 
readers, as to the cause of these conditions and as to 
the comparative performances of gasoline and alcohol 
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engines. Perhaps one of the most exhaustive investiga- 
tions into this subject was that conducted by Messrs. 
Strong and Stone for the Bureau of Mines. This inves- 
tigation extended over several years and the results have 
recently been made public in bulletin No. 43. 

Without going into the details of the tests but quoting 
in substance from the report, it says: 

The lower heat value of completely denatured alcohol 
averages 10,500 B.t.u. per pound, or 71,900 B.t.u. per 
gal.; whereas, the lower heat value of gasoline having a 
specific gravity of 0.71 to 0.73 averages 19,200 B.t.u. per 
lb. From this it will be seen that the best value of 1 lb. 
of alcohol is approximately six-tenths that of gasoline. 

However, 1 lb. of gasoline requires about twice the 
weight of air for complete combustion that is required 
by 1 lb. of alcohol. Hence, the heat value of 1 ew.ft. of 
an explosive mixture of alcohol vapor and air having 
theoretically just sufficient air for complete combustion is 
approximately equal to that of 1 cu.ft. of a similar mix- 
ture of gasoline vapor and air—about 80 B.t.u. per cu.ft. 

Explosive mixtures of alcohol vapor and air in an en- 
gine cylinder can be compressed to much higher pressures 
without preignition than explosive mixtures of gasoline 
vapor and air. The maximum compression that can be 
used in an engine without causing preignition depends on 
the quality of the explosive mixture, the design of the 
engine, and the speed at which it is operated. 

For 10 to 15-hp., four-stroke-cycle stationary engines 
a compression pressure of about 70 lb. per sq.in. above 
atmospheric pressure was found to, be the maximum that 
could be used for gasoline mixtures and about 180 |b. the 
maximum for ‘alcohol engines, without causing preigni- 
tion. 

The maximum compression that could be obtained 
without causing preignition was in each case found to be 
the most advantageous with regard to fuel economy. 

A gasoline engine having a compression pressure of 70 
lb., but otherwise as well suited to the economical use of 
denatured alcohol as gasoline will, when using alcohol, 
have an available horsepower about 10 per cent. greater 
than when using gasoline. When the fuels for which the 
respective engines are designed are used to the same ad- 
vantage, the maximum available horsepower of an alcohol 
engine having a compression pressure of 180 lb. is about 
30 per cent. greater than that of a gasoline engine having 
a compression pressure of 70 lb., but of the same cylinder 
diameter, stroke and speed. Moreover, an alcohol engine 
can, in general, be so designed and constructed as to 
equal the gasoline engine in adaptability to service, and 
when working at the degrees of compression best suited 
to the fuel supplied, requires about equal volumes of gas- 
-oline and denatured alcohol per brake horsepower-hour. 

A fair idea of the best economy obtained in tests 
on engines of 10 to 15 hp. will be gained from the fol- 
lowing tabulated results: 


Compression Fuel per b.hp.-hr. 
Fuel Pressure 
Pounds per sq.in. Pounds Gallons 
Gasoline { 70 0.60 0.100 
| 90 0.58 0.097 
70 0.96 0.140 
Alcohol 4 180 0.71 0.104 
| 200 1.68 0.099 
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When denatured aleohol is used in 10- to 15-hp. four- 
stroke-cycle engines having a compression pressure of ap- 
proximately 180 lb. and the engines are operated at their 
maximum loads, explosion pressures reach 600 to 700 Ib. 

From the foregoing it will be seen that under the 
proper conditions of compression, etc., the alcohol engine 
is as efficient as the gasoline engine or perhaps more so. 
Therefore, one must look to other causes to account for 
its disuse. A little study will show that it is purely an 
economic question; the price of denatured alcohol still 
remains prohibitive as compared with gasoline and not 
until these prices are more nearly equalized will the 
alcohol engine attain commercial success. 

33 
Research Work on Large Diesel Engines 


Among the firms which have contributed to the sue- 
cessful development of large Diesel engines in Europe, 
that of Blohm & Voss, shipbuilders, in Hamburg, rank 
second to none. Considering the great expenditure re- 
quired for experiments of this character and the limited 
capital at the disposal of the individual concern, it is but 
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650-mm. stroke (18.7x25.3 in.), developing 1000 b.hp. 
This engine has been on the testing floor of Blohm & Voss 
for 18 months and various experiments have been~con- 
ducted with it, the purpose being to establish some funda- 
mental deductions for the standard design of large double- 
acting two-stroke-cycle Diesel engines. 

The research has been directed chiefly toward the evo- 
iution of reliable stuffing boxes, of suitable and safe cov- 
ers for the lower cylinder sides, and of a simple govern- 
ing gear. All these problems can now be considered as 
solved, and the firm is ready to guarantee the operating 
safety and durability of large double-acting Diesel en- 
In other words, the difficulties attendant upon the 
Couble-acting principle have been practically overcome 
and it remains to study the difficulties associated with the 
heat conduction from the cylinder walls. 

A new combination consisting of two three-cylin- 
der units having an aggregate capacity of 2400 hp., 
and another of two single-acting, two-stroke-cycle, four- 
cylinder units with an aggregate output of 4000 hp., will 
be ready for testing early this year. 

The new engines have an open frame and the scavenging 


vines. 
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LARGE DovusLe-ACTING DIESEL ENGINE 


Natural that the tendency of manufacturers in Germany 
is to combine their financial forces in order to secure re- 
sults in this complicated and expensive line of machine 
building. Accordingly, a research association was formed 
time between the Maschinenbaugesellschaft 
Niirnberg and the aforesaid firm in Hamburg for the 
purpose of building large Diesel engines separately, test- 


some aco 


ig details of construction, and exchanging the results. 
he first engine built on this basis in Hamburg is here- 
with shown, It has three cylinders of 480-mm. bore and 
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on TrestiInc FLoor oF Btoum & Voss 


pumps which, in the first experimental engine, were ar- 
ranged on the prolongation of the shaft, are at the side, 
actuated by balance levers. The policy of Blohm & Voss 
is to build two-stroke-cycle engines up to 3000 hp., single- 
This is because 
complications involved in the double-acting engine 
are not welcomed by the operating attendants, who, in 
the smaller plants, do not often possess the required abil- 
ity, and because up to sizes of 3000 hp. the economies to 


acting, and above this double-acting. 
the 


be realized as to space and weight are inconsiderable. 
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Graphical Solution of Heating Problems 


In The Wisconsin Engineer, Prof. H. J. Thorkelson 
presented a useful chart for determining areas and cubical 
contents and an ingenious circular slide rule for caleulat- 
ing radiating surface. Both had been constructed by form- 
er students of the University of Wisconsin. 

In meeting problems of heating and ventilation of the 
recent university buildings, the general plan followed was 
to provide direct radiation in the rooms to supply the heat 
necessary for the usual radiation and convection losses, 
and to install such additional indirect heating surface as 
required to heat the fresh air used for ventilation to room 
temperature. The direct radiation surface required for 
rooms was computed by deriving a formula based on the 
following heat losses per degree difference of temperature 
per hour per unit used: Radiation, glass, 1 B.t.u. per 
sq.ft.; wall, 0.25 B.t.u. per sq.ft.; convection 0.04 B.t.u. 
per cu.ft. 

As outdoor temperatures of —20 deg. F. are frequent. it 
was necessary to base calculations on a 90-deg. difference 
of temperature, giving an hourly heat loss of 

90 (G4 + 0.25 W + 0.04 C) 
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Fic. 1. Area AND VoLUME CHART 
where 
G == Square feet of window opening; 
W = Square feet of net exposed wall surface; 
C == Cubical contents of the room. 


With a heat transmission of 300 B.t.u. per sq.ft. of 
radiator surface per hour by a steam radiator, the above 
formula would indicate a radiating surface of 

avy (4 +025 W + 0.040) = 

0.3 (4 + 0.25W + 0.04C) 
and this was the formula used to determine the square 
feet of radiating surface. 

To expedite calculations of this kind the chart shown 
in Fig. 1 will be found convenient. Areas are found by 
using the inclined lines from the lower left-hand corner 
and scale A for the two dimensions with the product 
shown on scale B. 
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lf volumes are desired, the area is found as indicated 
on scale B and this result is transferred to scale C and 
followed in a vertical line to the dimensions of height 
shown on the lines radiating from the lower right-hand 
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$9.ft of Stean? Radiation 
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G = Exposed Glass 
W= Net Exposed Wall 
C= Cubical Content 
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corner; the volume will be shown in scale D. This en- 
ables easy calculations of G, W and C. 

For simple calculations of the required radiating sur- 
face from’ the formula 
2 may be used. 

Scales A, B and C are cut out in one piece, forming 
the movable scale of the slide rule, and D the fixed scale. 
A swinging arm is fastened to the center of the rule, and 
in starting both scales are set at O. The swinging arm 
is then moved on Scale B to the figure indicating G of 
the formula, and held there. The movable scale is then 
revolved until its zero coincides with the swinging arm. 
This arm is then moved on scale A to the figure repre- 
senting W of the formula and held there. 

The movable scale is then revolved until its zero coin- 
cides with the swinging arm. This arm is then moved on 
scale C to the figure representing.C of the formula. Scale 
D will then show the square feet of steam radiation re- 
quired. 

If a gravity hot water svstem is used this result should 
be multiplied by 1.5 to obtain the required square feet of 
hot water radiation. If forced circulation is used this 
ratio may be reduced. 


given the slide rule shown in Fig. 
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A New Arrangement of Heating Boilers 
By Dr. ALFRED GRADENWITZ 


Extensive heating plants supplied from a central boiler 
set have become more and more general of late years. 
Heating boilers had, accordingly, to be given ever larger 
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careful tests made on a hot-water boiler of 294.9 sq.ft. 
heating area, by the Swiss Association of Steam Boiler 
Owners. It may be noticed that the maximum efficiency 
has been found to be upwards of 86 per cent. while the 
average flue-gas temperature even at forced loads re- 


mained below 390 deg. F. These results have been ex- 
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Fic. 1. Front View or Borer 
dimensions, thus taking up more room and becoming 
more exacting as far as their superintendence is con- 
cerned. 

Messrs. Gebriider Sultzer’s new large size boiler, which 
is shown in Figs. 1 and 2, and, like smaller heating boilers, 
is made up of several cast-iron units, is a decided advance 
in this connection. This boiler allows of convenient op- 
eration up to the following maximum dimensions: width, 


5.9 ft.; height (including platform), 5.9 ft.; length 
6.9 ft. 
mm 


“he heating area of a hot-water boiler of this size, by 
computation is 403.65 sq.ft., the grate surface 10.44 sq.ft. 
and the output under normal working conditions 1,270,- 
(00 B.t-u. per hr. The smallest size of this tvpe of boiler 
is 3 ft. 3 in. in length and under normal working condi- 

Low-pressure steam boilers apart from the fittings, have 
the same outward appearance, their top part serving as the 
steam compartment. On account of the low water level, 
the heating area in contact with water is, of course, some- 
what smaller than the heating area of hot-water boilers of 
the same external dimensions. This would be 363.8 
sq.ft. in the largest size boilers, the output being 1,143,000 
B.t.u. at normal loads. The smallest size boiler of this 
type has a heating area of 157 sq.ft., the normal output 
being 778,000 B.t.u. per hr. 

Fig. 3 illustrates the efficiency of the boiler at various 
loads, its coal consumption, flue-gas temperatures and the 
intensity of draft in the flue. These are the results of 


Fig. 2. Rear Vrew or Borer 
ceeded on boiler plants in permanent operation with the 
government authorities of several states. 

If the heat consumption of a heating plant becomes 
so considerable that a single boiler is no longer sufficient, 
two or more boilers are combined. To reduce the space re- 
quirements to a minimum, the boilers are installed in 
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batteries, being covered by common plates as represented 
in Fig. 4, which is a photograph of a low-pressure steam 
boiler plant recently installed at Schaffhausen, Switzer- 
land. It comprises six furnaces of which any number can 
be operated at a time. The ground area covered by the 
boilers is 35.4x6.2 ft. = 220.7 sq.ft., the height from 
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the floor to the platform being 7.87 ft. The total heating 
area in contact with water is 1976.3 sq.ft. and the drying 
surface in contact with steam 219.6 sq.ft. 

The normal output of this set of steam boilers proves 
to be 6,214,000 B.t.u. per hr. As, however, further 
units are to be added, the total output after the ultimate 
completion of the boiler plant will amount to 15,872,000 
B.t.u. The total coke-fillg space for the time being, 
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ercise their ingenuity to make a two-pipe radiator work 
quietly on a single-pipe system, or vice versa, but it can 
be done as Figs. 1 and 2 will show. 

Fig. 3 shows methods of connecting a pipe coil on a 
single-pipe system. If the coil is long and the difference 
of pressure between the inlet and outlet is considerable, 
the discharge leg of the seal should be made the shorter 
to get the benefit of the head on the other leg. 
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Fie. 4. A BATTERY 


is 205.5 cu.ft., so that the boiler can run, without. re- 
plenishing for about ten hours. 

In these boilers the fuel may be readily inserted 
through an upper hopper on the platform and distributed 
hy means of the door in the front wall. Sheet metal 
chutes, through which the coke slides down automatically 
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When it is necessary to put a pocket in the steam-sup- 
ply pipe to get to a coil on the ceiling, 1t may be drained 
into the return as shown in Fig. 4. If there is any doubt 
about the necessity of a seal in a return or drip pipe, be 
on the safe side and put one in. One unsealed connec- 
tion to a line is generally allowable and is sometimes ad- 
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from an elevated bunker, may be provided and the fuel Ceiling 
may be conveyed from the store directly above the hop- L Z 
pers in trucks traveling on rails suspended below the 7 aaa 
roof. The flues run horizontally and after opening the 5) 
front and rear doors, they can be cleaned without inter- C 
fering with the service. = = ) 
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for each boiler. At the bottom is the ashpit drop door. 
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Radiator and Coil. Connecting 
By W. T. Mrernzer 


Engineers are often furnished with a nondescript lot 
of radiators and told to go ahead and heat up a build- 
They have to ex- 


ing or add to an existing installation. 


THE RETURN 


visable. Each installation has its own problems and 
laying out the piping on paper first will greatly simplify 
the work. The obstacles will be anticipated, so that the 
installation work will be straightforward and there will 
he no occasion to reconstruct or modify any part of the 
svstem. 
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Review of the Year 1912 


As a whole the year 1912 was marked by little that was 
sensational in the power field, but it was a year of steady 
growth in nearly all lines. The best thought has been put 
to the development to the point of greater commercial use- 
fulness of nearly all standard parts in the equipment of 
the power plant. Very many smaller improvements, far 
too numerous to mention within the scope of a review 
such as this, have been made, but in the following it will 
he attempted to enumerate only the most important events 
of the year. 

Ever increasing attention is being given to the obtain- 
ing of higher efficiency in the making of the steam. To 
this end greater interest is being shown in flue-gas analy- 
and combustion that firing may be im- 
proved. More opportunity to increase over-all efficiency 
is open in this direction than any other. In the last 
year considerable space has been given to the subject in 
these pages, and it is felt that the knowledge of this hith- 
erto somewhat ill-understood phase of steam-plant opera- 
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tion is growing. 
The 


udvantages realized from its use in steam turbines and 


Applications of superheated steam are extending. 


locomotives, have led to new efforts to use it upon the part 
of those designing reciprocating engines, and notable 
steps have been taken to overcome the difficulties that 
were involved. 


The necessity of the use of separators is being 
recognized, for although superheated steam is nor- 


mally dry, local condensation may oceur and can ex- 
ist even in a surrounding of superheated steam. The 
elimination of moisture is especially important where the 
With 


the extending use of superheated steam, certain set prin- 


steam is used in turbines to reduce blade erosion. 
ciples of practice are being established. For example, 
what may be called moderate superheat is being generally 
settled upon, that is, of from 100 to 150 deg. 

Exhaust-steam turbines continue to gain in recognition 
of their merits. Reciprocating engines in combination 
with turbines to use their steam through the lower ranges 
of expansion are the universally accepted means of ob- 
taining the highest steam economy. Many more plants 
liave been added to the number now containing these com- 
bination. installations and by such arrangements many 
plants have been enabled to obtain necessary increased ca- 
pacity without an extension of housing area. 

A initiated the results 
Duchesne’s investigation on superheat, when they were 
given publicity; thus far his findings seem to be ques- 
tioned by more than give them credence. | Briefly his’ con- 
ciusions were that determinations upon superheat in which 
mercurial thermometers were used were inaccurate; he 
determined the variation of the specific heat of super- 
heated steam and showed that as the pressure increases 
ill its properties become independent of the pressure and 
vary only as a function of the temperature. It remains 


controversy Was by of 
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the authorities establish 


Duchesne’s 


for to the acceptability of 


results or the older ones. 

The study of steam-engine performance received an im- 
portant aid in the advent of the Clayton method of an- 
alvzing indicator diagrams. At the spring meeting of the 
American Society of Mechanical Engineers, the inventor, 
J. Paul Clayton, presented a paper indicating that there 
exists a relation more or less definite between the quality 
of the steam at cutoff and the exponent of the expansion 
curve. The exponent is easily determined by the pitch 
of the curve when reduced to a straight line by refer- 
ence to logarithmic codrdinates. The logarithmic dia- 
gram promised a means of determining the leakage into or 
out of the evlinder, and of the clearance, which promise 
does not seem to be fulfilled by its application to general 
work. The paper excited an unusual amount of discus- 
sion, Which is still in progress. 

Karly in 1911 the Nordberg Manufacturing Co. built 
the first American uniflow steam engine and from the 
extensive tests made upon it developed the type which 
was put on the market last vear. It differs from its 
German prototype, the Stumpf engine, in having Corliss 
instead of poppet valves, but obtains the same increased 
economy through largely reducing the loss due to initial 
condensation. This engine is remarkable for its great 
overload capacity and its flat steam-consumption curve 
and has particular advantages where the load is subject 
to wide fluctuations. The C. & G. Cooper Co. and the 
Mesta Machine Co. have also made engimes of this type. 

As to the progress of that most remarkable of power 
plants for its overall efficiency, the locomobile, nothing 
reed be said in this review as a very complete article on 
this subject was given in the last issue. 

The ‘ndications are that our government has returned 
te the reciprocating engine as the favored equipment for 
powering its battleships. Many consider that this deci- 
sion has been too hastily reached and that the compari- 
sons made between such turbine-driven vessels, as we al- 
ready have, and those having reciprocating engines, al- 
though showing to the disadvantage of the former, should 
not ‘have been taken so conclusively. The decision seems 
to have precluded allowance for improvements or modifi- 
cations that may now be made in turbine installations on 
the strength of the experience which has been gained. 
oreign builders of trans-Atlantic liners continue to equip 
them with turbines. Probably the two colliers, one to be 
cquipped with reducing gears and the other with electric 
the turbine and propellers, will 
throw some new light on the problem of adjudicating the 
speed differences between the two ends of the system. 


transmission between 


erhaps the most promising solution is to be looked for im 
a combination of reciprocating engines and turbines. 
Among the several advances of moment as affecting the 
auxiliary equipment of steam-power plants may be men- 
tioned improvement of chain and underfeed stokers to the 
point where their usefulness is considerably enhanced and 
their operation made more satisfactory ; the application of 
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kinetic air pumps to surface condensers of large size and 
their much more general use, and the use of steel becom- 
ing the established practice for valves and fittings in 
steam lines carrying superheated steam. 

A sorry muddle has been the only result so far of the 
attempt to establish a standard for pipe flanges and fit- 
tings. The American Society of Mechanical Engineers 
and the National Association of Master Steam and Hot 
Water Fitters collaborating proposed a set of specifications 
to which the manufacturers immediately took exception 
and brought out one of their own, so that there are now 
two standards, the United States and the Manufacturers. 
It is to be hoped that before another year draws to a 
close there may be a compromise and that one standard 
will be accepted by all. 

Another new departure for American builders is the 
introduction. of turbo-blowers and compressors. A line 
of these, recently announced by Henry R. Worthington, 
will be found referred to on other pages of this issue. 

The contest between the isolated plant and the central 
station has continued and it would be hard to say which 
has gained the most ground. The most hopeful conclu- 
sion that can be drawn is that there is a growing disposi- 
tion to yield the decision in any specific instance to the 
true engineering claims of either side. Unquestionably 
there are conditions where the one is decidedly preferable 
to the other and under such circumstances it is short- 
sighted to advocate the wrong service; it cannot but work 
to the later disadvantage of that class of service. Both 
have their fields and the rapidity of progress of each 
will be in proportion to the extent to which each confines 
itself to its legitimate field. 

Regrettably, no more states have yet joined with Minne- 
sota, Montana, Massachusetts and Ohio in adopting ade- 
quate boiler-inspection and engineers’ examination laws. 
Several states are considering such legislation, and it is 
very probable that California will be the next to have its 
name put on the roll of honor, with more soon to follow. 

Anent boiler safety, it is fitting to call attention to the 
new Jacobs-Schupert locomotive firebox. As distinguished 
from the ordinary radial-stay firebox, this one contains 
no stays, but, as described in the July 2, 1912, issue, 
is constructed of U-sections, between which are riveted 
stay sheets. A remarkable test of the two fireboxes fitted 
to standard locomotive boilers was made at Coatesville, 
Penn., last summer. The two were fired under full boiler 
pressure and the feed-water supply cut off. The radial- 
stay firebox boiler exploded when the water had fallen to 
141% in. below the crown sheet, but when the water was 
more than 25 in. below that point in the boiler equipped 
with the Jacobs-Schupert firebox, it was still intact and 
the test had to be discontinued when the water had fallen 
to the point where the evaporation would not keep up the 
draft. Evidently this year marked the discovery of an 
explosion-proof locomotive boiler. 

Among new hydro-electric propositions is that under 
way near Pittsburgh. It is estimated that over 100,000 
hp. can be developed when the installation is complete. 
The Keokuk, Towa, hydro-electric development made con- 
siderable progress and during the summer the 7%500-kw. 
generators were completed for the installation. Perhaps 
the most notable water-power work during the year was 
that done by the Great Western Power Co., in California, 
in extension of its present system. When the work now 
under way at Feather River is finished, this company will 
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have added to its capacity about 600,000 hp., including 
the completed Big Bend plant, which alone contains four 
15,000-hp. units. 

Most of the advances in the electrical field during the 
past year have been in the transmission of power. Im- 
proved types of suspension insulators have made it pos- 
sible to employ voltages heretofore regarded impractic-— 
able. Already there is a 140,000-volt transmission line in 
successful operation in Michigan, and a power develop- 
ment is under construction in California, which will em- 
ploy 150,000 volts. 

Alternating-current practice has not been alone, how- 
ever, in this tendency toward the employment of higher 
voltages, for a trolley road has recently been put in ser- 
vice in Montana which operates on 2400-volt direct-cur- 
rent, and 1200-volt lines are becoming quite popular in the 
Middle West. 

As regards generating equipment, the tendency toward 
larger units was evinced by the installation of 20,000-kw. 
vertical turbo-generators at the Waterside station of the 
New York Edison Co., and the Commonwealth Edison 
Co., of Chicago, has contracted for one of still larger size 


—a 30,000-kw. horizontal unit. Larger sizes have also 
spread to rotary converters, some 3000-kw. vertical ma- 


chines having been installed during the past year. It 
might also be mentioned that these were the first of this 
class employing both the synchronous booster and the 
commutating-pole features. 

In the gas-power field the greatest progress during the 
past year seems to have been in the oil engine. The 
exceptionally large Diesel engines, advocated so strongly a 
year or two ago, still appear to be in the experimental 
stage, but the small- and medium-sized Diesel engines 
have come to stay, and their use is becoming very general 
in Europe. A noteworthy event during the past year 
was the crossing of the Atlantic by the first Diesel liner. 

The Junkers engine has also come into some promin- 
ence in Germany. While the use of the Diesel engine 
cannot be said to have spread very much in America, 
nevertheless, the expiration of the Diesel patents in the 
United States, during the past year, has been responsi- 
ble for several engine builders putting out new oil en- 
gines, mostly in smaller sizes, and which may be classed 
as semi-Diesel in type. 

Little advance appears to have been made in the large 
gas engine or gas producer during the past year, and the 
gas turbine is not as yet a commercial success. A unit 
expected to develop 1000 hp., built after the designs of 
Hans Holzwarth by Brown Boveri & Cie., at Mannheim, 
did not develop the expected power or efficiency, but indi- 
cates the direction of future effort. 

The large increase in the use of gasoline engines, most- 
ly for automobiles and the ever increasing use of petro- 
leum byproducts, has created such a demand upon the 
oil market as to practically double the price of fuel oil 
in this country during the past year, which fact naturally 
has a tendency to impede the progress of the oil engine. 

An event of the year, marking an important step in 
the advance of the Humphrey gas pump, was the decision, 
on the part of the Metropolitan Water Board, of London, 
to install five of these pumps. Four will be of 40,000,- 
000 gal. per day capacity, and the fifth of half that 
amount. Some even larger units have been designed for 
the Egyptian Government, one being a pump capable of 
delivering 100,000,000 gal. per day, with a lift of 19 ft. 
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These are contemplated for the pumping station at Mex, 
in Egypt, for extensive irrigation work. 

The refrigerating field has been greatly hampered by 
the difference in various tabulations given by different 
authorities as to the properties of working fluids used 
in refrigerating processes. During the year an appro- 
priation was secured from Congress to enable the Bureau 
of Standards to standardize refrigerating data, and in 
the past month some noteworthy papers on the proper- 
ties of ammonia were presented and should result in the 
adoption of working tables, which may be accepted with 
some degree of confidence as approximately accurate. 
There has also been a movement toward standardizing 
ammonia. fittings. Making can ice from raw water is no 
ionger impractical. A number of successful installations 
were made in 1912, and all indications point toward a 
rapid advance. From preparations now under way, the 
Third International Congress, to be held next Sentember 
in Chicago, should prove a decided success. 

One of the new instruments that have become avail- 
able to the engineer in studying the performance of the 
equipment under this charge is the Vibragraph. With it, 
the intensity of vibration, on or near a machine, may be 
measured, indicating when it is of a serious nature and 
should be reduced. Modifications of the foundation or the 
halancing of revolving elements of a machine may then 
he made and tests repeated until it is found that more 
desirable conditions are obtained. Somewhat akin is the 
Detectorphone, which is quite completely described as “a 
mechanical stethoscope,” being an instrument for render- 
ing more audible any noises in piping or running ma- 
chinery, so that derangements or other wrong conditions 
may more readily be located. 

While the Panama Canal may not seem to have any 
very direct connection with the power field, its construc- 
tion has called forth some quite radical applications of 
power. Now that it is likely to be opened many months 
ahead of the scheduled time, it will very shortly command 
attention on account of the provisions in the way of plant 
that will be necessary for its operation. 

A gratifying tendency is the greater disposition to 
safeguard the lives of operatives and the public in the op- 
eration of industrial establishments and service utilities. 
In fact the humanitarian element is receiving more near- 
ly its just consideration throughout all lines. This is 
evident not alone in the more extended adoption of safety 
cevices in connection with power generating and power 
utilizing equipment, but also in efforts to improve the 
comfort and welfare of those in or surrounding power 
stations and factories, as by the reduction of the smoke 
nuisance, improvement of lighting and ventilation, provi- 
sion of rest rooms, reading rooms, emergency hospitals, 
and generally more agreeable environment. 

Among the men of prominence in the field of power- 
plant engineering who have passed away during the year 
just closed were the following, named in the order of their 
demise: James McBrier, president of the Ball Engine 
Co.; Richard T. Crane, founder and head of the Crane 
Co.; John B. Webby consulting engineer and former pro- 
fessor of mathematics and mechanics at Stevens Institute 
of Technology; Francis H. Stillman, president of the 
Watson-Stillman Co.; Louis Delauney-Belleville, cele- 
brated French engineer and inventor and manufacturer 
of the Belleville boiler; Read Admiral George W. Mel- 
ville, noted engineer and explorer, past president and hon- 
orary mmber of the American Society of Mechanical En- 
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gineers; Dr. Henry W. Spangler, professor of dynamical 
engineering, University of Pennsylvania; Antonio Paci- 
notti, professor of physics, University of Pisa (Italy), 
and inventor of the multi-segmental commutator, dis- 
tributed winding and toothed armature; Benjamin Gug- 
genheim, president of the International Steam Pump Co., 
one of those lost on the “Titanic” ; Jacob E. Friend, presi- 
dent of the Nordberg Manufacturing Co.; Otto Jahn, 
chief engineer of the Vilter Manufacturing Co.; Wilbur 
I. Richardson, principally known for his work in con- 
nection with mechanical lubricators; Theodore Albert, 
president of the William Powell Co.; George R. Babbitt, 
prominent consulting engineer and engine designer; 
James J. Waters, well known marine engineer, for years 
secretary of the Marine Engineers’ Benevolent Associa- 
tion; Vaughan Pendred, for many years editor of The 


Engineer, London; Reuben Wells, veteran railroad man 


and locomotive constructor; Clement A. Griscom, one of 
the founders and first president of the American Society 
of Naval Architects and Marine Engineers; George A. 
KXimball, chief engineer of the Boston Elevated Ry. Co.; 
Alfred P. Boller, formerly chief engineer of the Manhat- 
tan Elevated R.R. and consulting engineer of the Depart- 
ment of Public Parks of New York. 
3 

The Prudential Insurance Company’s Plant 

Few, if any, office-building plants have grown so rapid- 
ly and under such exacting circumstances as that of the 
Prudential Insurance Co., as stated in the description 
in this The total horsepower in 1890 was ap- 
proximately fifty, and the plant consisted of only two 
small boilers and an electric-generating set. In 1900, 
when four more large buildings were added, complet- 
ing the group of five, a plant large enough to meet the 
requirements was installed. 

The electrical system of this plant was of the two-wire, 
120-volt direct-control type, and served the demands un- 
til 1909 when two more large buildings were added to 
the group. 


issue. 


At this stage of development 120-volt service 
proved too expensive to continue in view of anticipated 
further growth and the work of remodeling the entire 
system into a three-wire, 240-volt remote-control system 
was begun. One can imagine the thoroughness of co- 
operation necessary among those engaged in the work to 
make the change without causing a single interruption of 
service and to also obtain economy in the use of ma- 
terial and equipment. 

Problems of a like nature, but not so complex, were 
met in completing the various pipe-line connections when 
the new plant was “hooked up” to the old. This work 
was also accomplished without service interruptions. 

Consulting engineers in particular can appreciate the 
painstaking care and close study of details required, and 
the time and skill needed to prepare drawings necessary 
to successiully carry out the work. Operating engineers 
will realize the problems that had to be met by the 
plant engineers during these many additions and altera- 
tions, as they not only had to keep the plant going under 
trying circumstances but had to act as an information 
bureau for the numerous contractors as well as suggest 
ways and means of doing the temporary and permanent 
work so that all chances for service interruptions would 
be obviated. All this, combined with a general super- 
vision of the installation and the selection of equipment 
which preceded it, was indeed a big task. 
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Simple Test for Cylinder Oil 


Within certain limits, all lubricating oils look alike. 
Bearings which can be examined from time to time and 
watched by means of a thermometer offer the easiest so- 
lution for testing lubricants. In the cylinder of an en- 
gine it is entirely different. The test naturally must 
consist of introducing the lubricant and, after the engine 
has run for a time, examining the cylinder walls. In- 
sufficient lubrication or a lubricant poor in quality are 
revealed either by “groaning” of the valves or else find- 
ing, when examining the cylinder walls, that scoring has 
begun. 

With the view of adopting some simple and compara- 
tive means for testing cylinder oils, | have tried the fol- 
lowing: From a piece of blotting paper, pieces 3 in. 
square were cut. Samples from the several cylinder oils 
to be tested were put in bottles (I use 4-oz. size) and 
these put into a.room where all of them will reach the 
same temperature of about 70 to 80 deg. This requires 
20 min. to half an hour. Three drops of oil of each 
kind were then put on the center of each piece of blot- 
ting paper. Each of these blotting-paper pieces was 
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have identical gravity, flash point and viscosity figures. 
This is mentioned as showing that this information is of 
little practical value in comparing the quality of sev- 
eral oils. 
C. KE. FarrBanks. 

Providence, R. I. 

[If the oil samples contained coloring substances it 
would seem that this test would not 
nature of the oil—Ebprror. | 


indicate the true 


Thawing Frozen Water Pipes by Electricity 


Last winter I was employed by an electric light and 
power company in eastern Pennsylvania and as the 
weather was unusually severe, a number of water mains 
and service pipes throughout the city were frozen. The 
employees of the water company in thawing the pipes at 
first would dig open the pipe and thaw it with fire; this 
was slow and unsuccessful as they could make but a few 
openings in a day. About this time I suggested that they 
try electricity, which resulted in a total of twenty-six 
openings in three days. 
of how it was done: 


The following is a brief outline 
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then put for a quarter of an hour on top of the en- 
gine where the metal was flat and at a temperature of 
approximately 210 deg. 
the piece was set aside. 

The photograph shows eight samples that had been 
submitted for consideration. 


After remaining for 15 min., 


This picture shows more 
clearly than any descriptive matter the suitability or 
rather unsuitability of some of these oils for cylinder 
lubrication. Practically nothing was left of samples Nos. 
% and 8 The same might be said of No. 3... No. 4 was 
very doubtful and evidently contained a heavy body 
mixed with some lighter oil. Nos. 2 and 5 were samples 
from a high-grade, well known concern and these can be 
No. | 
lected on account of the advantage in price and turned 
out to be as excellent in its work in the particular en- 
gine considered, as No. 2, which tried 
same conditions. 


and were used as a basis of Comparison. Was se- 


Was under the 

I might add that when the samples were submitted the 
salesmen furnished the usual information regarding grav- 
ity, flash point and viscosity tests. These were all very 
much alike for the different samples. It is a fact that 
several oil makers—one in particular—have a lubricating 
oil and also an oil unsuited for lubrication, both of which 


BJECTED TO Test TEMPERATURE 


A 15-kw. transformer was mounted on the back of a 
one-horse wagon, and an ordinary wooden’ wash tub filled 
with salt water was set in the front end; then with the 
necessary wire and assistance, all was ready for action. 
The wagon was hauled to where the main was frozen and 
the primary terminals of the transformer were connected 
to the 2200-volt city primary lines through fused cutouts. 
One terminal of the secondary circuit of the transforme 
was then connected to a fire hydrant and the other to a 
metal plate of about 10x10 in. Another wire was con- 
nected to another fire hydrant, the frozen part of the 
pipe being between the two hydrants, and also to a sim- 
ilar metal plate to the one used for the second secondary 
terminal. The current was turned on and the plates im- 
mersed in the salt water near the sides of the tub and 
slowly moved toward the center until they were about an 
inch apart. The plates were held in this position until 
the water began to flow through the pipe. After the water 
first began to flow the current was turned off and the 
water completed the work. The time taken 
more than one hour in the case of a 10-in. pipe. 


Was never 
After 
this work was completed the connections were broken 
and the wagon was moved on to the next “‘freeze.” 

The wire used should be about No. 10 for the primary 
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extensions and taps while No. 2 or 4 should be used for 
the secondary taps. Care should be taken not to fuse 
the transformer beyond its capacity, as serious injury 
would result. 

Where service pipes are frozen, the secondary terminals 
should be connected to pipes in adjacent dwellings or 
stores. Frozen pipes about the power plant or those in 
factory yards can be readily thawed out in the manner 
described. 

Epwarp C. WILson. 

Raleigh, N. C. 

3 


Correcting Turbine Govertior Trouble 


After starting a new 5000-kw. turbine it was found 
that it raced badly; in fact, there was a variation of 
6 per cent. below and 4 per cent. above the normal speed 
of 1800 r.p.m. The erector for the turbine builders ex- 
amined the governor valve, overload valve and tried out 
several types of balanced relay valves, but was unable 
to reduce either the vibration of the governor levers or 
obtain good regulation. 

The turbine builders then sent their governor expert 
to inspect the control mechanisms. He tried two cushion- 
ing springs and a new type of piston in the dashpot, and 
while these devices gave closer regulation and more 
stability to the governor levers, they did not altogether 
overcome the vibration. He then shut down the ma- 
chine to dismantle and thoroughly examine the gov- 
erning mechanism. One of the governor gears was found 
to be cut out of true with the bore. The builders fur- 
nished a new gear immediately, which was installed and 
corrected all the trouble. 
D. J. O'BRIEN. 

Birmingham, Ala. 

3 
Flameless Combustion 

Under the title of “Flameless and Surface Com. 
bustion,” Professor Bone has been much heralded as the 
inventor of something remarkable in the combustion line. 
The leading engineering papers and newspapers and some 
ot the technical societies have given publicity to his 
schemes, which are disposed to mislead many who are not. 
especially familiar with such problems. Therefore, I 
would call attention briefly to certain features which per- 
haps have been overlooked : 

Flameless combustion, as the term is used, is a mis- 
nomer. All combustion is flameless. The “combustion’ 
which is accompanied by flames is not combustion at all; 
it is simply a state which is attempting to arrive at a con- 
dition of combustion. The luminosity of a flame is due 
to the inecandescence of free carbon, which has been 
broken down by heat from a hydro-carbon gas and which 
maintains its luminous condition for that very short, 
but indefinite interval preceding its union with oxygen, 
in the formation of CO., or its cooling and its escape as a 
particle of black soot in smoke. This is illustrated by 
the burning of anthracite coal, containing a very small 
amount of hydro-carbons, which burn with very little 
flame, or by hydrogen, which burns with no flame at 
all. If Professor Bone had said immediate combustion, 
it would have been technically accurate. 

So far as the feature of surface combustion is con- 
cerned, the only significance is that he obtains a good 
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mixture between gas and air by the use of such material 
as firebrick, etc., which has no influence, whatever, 
in the way of promoting “surface” combustion, but does 
perform a service as a mixing device. So really, the 
whole process as described may be summarized by saying 
that it is immediate combustion of gas brought about 
by the agency of a mixing device, and this is all there 
is to it. Thus, it is apparent that there is nothing new 
in this much heralded method. 

The application of gas to combustion in the case of 
a steam boiler as illustrated by Professor Bone is imprac- 
ticable for reasons of cost with respect to forcing the gas 
through the boiler if for no other reason. The high 
rate of evaporation may be more easily obtained with 
a coal fire under ordinary conditions if a high condition 
of combustion is employed. In fact, the only example 
of the application of combustion, which in my opinion 
has any value, is the one in which a crucible is heated 
by gas which is mixed with air between the pieces of 
a refractory material such as firebrick surrounding the 
crucible. 

Chicago, Ll. 

A. BEMENT. 
33 

Turbo-Condenser Problem for Discussion 

Will interested readers of Power tell me what was 
Wrong with our Parsons type steam turbine. It had 
been set up and run about ten weeks, when suddenly the 
vacuum fell to 15 in. At this vacuum it would not carry 
its load of a thousand kilowatts. 

The dry-vacuum pump is of the jet type, but would 
not work. Repairmen worked on it quite a while and 
finally gave it up. The pipes were all overhauled and 
cleaned and the pump still refused to work. Then the 
experts from the turbine company came and spent much 
time investigating, but with no good results. These men 
had packed their grips and were ready to start away 
when they tried the turbine again; it started and worked 
as it should. It has been running well since except 
when a mud turtle stopped the intake pipe to the con- 
denser. 

It takes about 29.5 in. of vacuum, when the air pres- 
sure is 30 in. to carry the thousand kilowatts on the ma- 
chine. 

STANLEY C. ALLEN. 

Lansing, Mich. 
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Friction Loss in Wrought Iron Pipe 


In reply to Mr. Kent’s criticism on page 868 of the 
Dec. 10 issue, on my chart for determining the friction 
head due to the flow of water in pipes, I call attention 
to the fact that due to a typographical error the ordi- 
nate 0.15 was printed 0.1 and the ordinate 0.1 was 
printed 0. As a matter of fact, when using logarithmic 
paper in plotting curves it is impossible to reach zero, 
as may be easily seen by examiniug a sheet of logarithmic 
paper. If the top line is taken as 10, then the bottom 
line is 1. If another sheet is added below, the lowest line 
is 0.1, on the next sheet 0.01, on the third 0.001, and 
so on. Substituting the figures given above will correct 
the discrepancy in the chart. 

W. L. Duranp. 


Brooklyn, N. Y. 
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Simplifying Indicator Diagram Analysis 

Having been interested in the articles in Power relat- 
ing to indicator-card analysis, | would offer the following 
as a more convenient way of finding the value of n in the 
formula 

P un = C 
where the engineer is reasonably certain of the correct- 
ness of the expansion line. 

In the formula, n equals the ratio of the specific heat 
at constant pressure to the specific heat at constant 
volume 

log. Pp. — log. p, 
as log. wv, — log. v4 
where p, and p,, v, and v, are two different pressures and 
their corresponding volumes, taken directly from the ex- 
pansion line of the diagram under consideration. 

The proof of this is a simple mathematical one, involv- 
ing the subtraction of the two logarithmic equations of 

pw =e 


By using this value of n the weight of steam in the 


cylinder at cutoff can be found as described in Prof. 
Clayton’s article in Power for June 18, 1912. 
But it is also necessary to know the volume of steam 


at the beginning of compression, to calculate the steam 
consumption of the engine. This may be found as fol- 
lows: By taking any pressure p, and its corresponding 
volume v, from the compression line of the diagram, the 
constant (c) for this line is readily determined, n for 
the compression line being derived in the same way as 
for the expansion line. For log. ¢ = log. p; + n log. v3. 
c being known, we may now take a value of p equal to 
the exhaust pressure of the engine, say p,. Then the vol- 
ume of the steam at this pressure, that is, the volume of 
the steam at the beginning of compression, is found from 
the formula 
a log. ¢ — log. p4 
n 

c, py and n being known. 

The use of this method obviates the necessity of plot- 
ting the diagram to logarithmic coédrdinates every time 
the engineer desires to find a value of n wherefrom to 
calculate the steam consumption of his engine. 

Lioyp W. TAyYLor. 

Grinnell, Lowa. 


3 
Steam Gage Problem 
On page 799 of the Nov. 26 issue, Mr. Pollard offers 
a solution of a steam-gage problem. 1 do not approve 
of his manner of procedure in correcting defective gages. 
In the first place when the gage showed signs of work- 
ing badly it should have been taken down and tested; 
and if found wrong and the trouble located in the gears 
it should have been sent to its manufacturer for repairs, 
who no doubt would have replaced the worn parts with 
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new ones instead of using the old ones. Then the 
gage would have been calibrated and returned in first- 
class condition. 

The mechanism of a steam gage is very delicate and 
the parts are made to work with one another avith the 
least possible lost motion; and when these parts wear 
enough to form a shoulder, so large as to retard the ac- 
tion of the gage, and are then dressed down with a 
file, the reading is bound to be inaccurate. And this 
inaccuracy is unlikely to be uniform throughout the 
range of registering. 

Steam gages are the engineers’ guide and are no in- 
struments to be tampered with or experimented on by 
unskilled hands. Nor is the boiler inspector fitted for 
this work. 

The maximum repair cost to a defective gage, or even 
the price of a new one, is cheap, when it is known that 
the instrument can be depended on to register correctly. 

GEORGE B. LoNGSTREET. 

Somerville, Mass. 
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Repairs to Lubricator Condenser 

Under the above heading in the Oct. 29 issue, Alford 
H. Smith of Rogers, Ark., describes how he repaired a 
broken lubricator. The condenser, that pear-shaped bulb 
affair we usually see attached to hydrostatic lubricators, 
was broken, so he replaced it with a straight piece of pipe, 
and the lubricator gave no further trouble. 

I have often wondered if these attachments are neces- 





Power 
LUBRICATOR WITH CoIL OF PIPE 
AS CONDENSER 


sary on lubricators, and have removed some of them in a 
somewhat similar manner to that employed by Mr. Smith, 
with satisfactory results. 

The condensation in 8 or 10 in. of 14-in. pipe should 
be sufficient to operate the lubricator under ordinary con- 
ditions. I suppose that the object of this globular con- 
denser is to store a comparatively large quantity of water 
for use in emergencies, but it has its disadvantages. If 
the condenser ever gets hot, the lubricator will refuse to 
start for five or ten minutes, i.e. until two or three ounces 
of water has accumulated in the condenser. 

An engineer not well acquainted with this style of 
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lubricator is apt to lose patience, and to “monkey” with 
the valves in his endeavor to locate the trouble. Perhaps 
the answer to this would be to keep the condenser cool, 
but we all know that there are occasions when they will 
become heated. If the lubricator is allowed to become 
empty of oil the condenser will get hot, as it will also 
when sometimes steam is allowed to blow through the 
lubricator to clear it of sediment. When filling the lubri- 
cator, care should be taken to fill it to the top. If, for 
any reason, the oil supply at hand is insufficient to com- 
pletely fill the reservoir, the balance should be made up 
with water, otherwise the lubricator will get very hot and 
refuse to start feeding for quite a while. 

The most satisfactory condenser I have used is shown 
in the sketch. The coil A is made of 4-in. iron pipe 
(brass might be better). It is formed by heating the pipe 
to a cherry red, and winding a few turns of it around a 
mandrel, say a piece of 114-in. pipe. In operation the 
short length of pipe B will fill with condensation in a few 
seconds, so that there is never any delay in getting 
lubricator to start feeding. 


the 


B. Corrina. 
Kankakee, Ill. 


Silica in Boiler Water 


W. A. Lee brings up a point in the Nov. 19 issue re- 
garding the deleterious effect of silica in the boiler-feed 
water which is frequently overlooked. In fact, in many 
of the analyses made to determine the proper chemical 
treatment of a feed water, the silica is not reported. 
It must not be inferred, however, that it does no harm. 
The reason that attention is not more.often paid to it 
is because none of the ordinary softening systems re- 
move it to an appreciable extent. This is not intended as 
a criticism of softening systems, for it must be said that 
if the lime and magnesia are properly removed it will 
not be necessary to get rid of the silica. 

It is in untreated water that silica causes trouble. 1 
have analyzed many samples of water and found that the 
average silica content is 0.95 grain per U. 8S. gallon. 
This figure is based on the results of 100 analyses of 
water taken from all over the United States and Canada. 
The figures run all the way from an indeterminate quan- 
tity to 6.25 grains per gallon which was found in a deep 
well water in St. Louis. Where the amount is less than 
one grain per gallon it is improbable that the scale is 
much affected. When the silica content becomes much 
greater, however, the scale is apt to be much harder 
than it would be otherwise. 

Just how the silica occurs in water is not known ex- 
actly. Silica itself is almost insoluble and it is believed 
‘o be present ordinarily in the colloidal form, which is 
i the region between a true solution and matter in sus- 
pension. It will not ordinarily form scale itself but will 
combine with lime and magnesia scale to form a good 
initation of stone. When the other scale-forming im- 
)urities are removed any ordinary amount of silica will 
cause no trouble whatever, particularly if the feed water 
is very slightly alkaline. 

As Mr. Lee says the boiler is no place for chemical 

actions to take place, for dense masses of soft scale are 
precipitated which are likely to collect on the lower 


neets and bake and burn out the plates. With much 
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silica present, this is also likely to unite with the soft 
sludge and make hard scale. Furthermore, the large 
amount of suspended, precipitated matter floating around 
in the boiler promotes foaming. 

The proper method is to precipitate the lime and mag- 
nesia salts outside of the boiler with lime and soda or 
heat «and soda, except in special cases when other chem- 
icals may be preferred. By settling and filtering there is 
then obtained a clear, soft water, well adapted for boiler 
feed, or other purposes. When engineers begin to realize 
this there will be fewer leaky or bagging tubes, hard 
scale will not be known, corrosion will be done away 
with, the tendency to foam will be decreased, and all 
concerned will be satisfied ihat the investment necessary 
was well justified. 

Epwarp H. Rosie. 

Philadelphia, Penn. 
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How the Valve Deck Was Cracked 


teferring to the above communication by John Me- 
Ginness in the Nov. 26 issue, I wish to say that I had 
practically the same experience with a duplex fire pump. 
At the time I decided that it was due to unequal shrink- 
age of the metal during the cooling of the casting and 
that later, pressure opened up these shrinkage cracks. 
This is evidently what has happened to Mr. McGin- 
ness’ pump, and the remedy would be to rib the water 
end longitudinally on the inside and be sure that the 
cylinder when being cast is made of hard close-grained 
chareoal iron, and after being cast is left in the sand 
long enough to cool off thoroughly. 
The only other explanation I can give without seeing 
the actual break is that the valve seats along the lines 
of fracture were forced in under pretty good pressure 
and put a strain on the metal which resulted in a crack. 
A. Ravucn. 
Swissvale, Penn. 


- Painting B oiler Shells to Prevent Pitting 


Reading the article in Power under the heading “Zine 
Paint as Preventive,” in the Nov 5 
brings to mind troubles I had several years ago with 
corrosion in 26 water-tube boilers. I tried everything I 
ever heard of without good results and at last concluded 
that I must keep the water from coming in contact 
with the shell plates to overcome this corrosion, which 


: ; 
Corrosion 


Issue, 


was becoming serious, 

I finally hit upon the following plan, which had the 
desired effect: First I cleaned the shell plates thoroughly 
with a scraper and a wire brush. Then I painted the 
plates with paint made of boiled linseed oil and port- 
land cement. When this first coat 
ond coat on composed of one part 
parts cement. 


dried, I put a see- 
graphite and three 


Three years later when I left this plant this very thin 
scale formed from these coatings was still there and no 
more pitting had started nor had any of the old “pock 
marks” grown larger. The graphite added to the second 
coat keeps the scale from sticking to the paint and, de- 
spite the expansion and contraction of the metal, the 
paint strongly adheres to the plates. 

C. H. Lresrrerp. 

Kansas City, Mo. 
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= 
: 3 
nN 
Allowable Load on Stay-bolts E, = Es, The power in the three-phase system = E,1, Y3 
How many pounds per square inch working pressure would and in the two-phase system 2 E,2 Iz. Then 


be resisted by 1¥4-in. diameter stay-bolts 12 threads per 
inch pitched éx6 in., the allowable load being 7000 lb. per 
sq.in. net cross-sectional area? s 


P. 

A stay-bolt 1¥4 in. in diameter with 12 threads per in. 

would have a diameter at the bottom of the thread of 
1% — (% X_1.732) = 1.1057 in. 
hence the net cross-sectional area at the bottom of the thread 
would be 
1.1057 X 1.1057 X 0.7854 = 0.9602 sq.in. 

and the net allowable load would be 0.9602 xX 7000 = 6721.4 
lb 


The area of the stay-bolt at the bottom of the thread be- 
ing 0.9602 sq.in., the net area supported by one stay-bolt 
would be ; 
(6 in. X 6 in.) — 0.9602 sq.in. = 36 — 0.9602 = 35.0398 sq.in. 
therefore, the allowable boiler pressure sustained by the 
stay-bolts would be 


6721.4 lb. 


35.0398 sq.in. 191 lb. per sq.in 


Setting D-slide Valve 


How is an ordinary D-slide valve set to get equal lead and 
equal cutoff and how can the lead and cutoff be es 


oe 

The valve will have equal lead and equal cutoff if it has 
the same amount of lap on both ends when it is in the mid- 
dle of its travel. To equalize the lap, first lay off the out- 
side edges of the steam ports on the valve seats outside of 
the valve by pencil lines drawn square across the valve seat, 
and locate a point half-way between them. Next mark the 
extreme points of travel of each end of the valve and turn 
the wheel of the engine so the valve stands in the middle of 
its travel. The eccentric will then be at the middle of its 
throw and without moving the wheel the valve is then to 
be adjusted on the valve steam so it will have the same 
amount of lap over the steam port at each end of the valve. 
The valve will then be set for equal lead and equal point of 
cutoff. Having set the valve central, lead and cutoff can 
be made earlier by advancing the eccentric on the shaft or 
both can be made later by setting the eccentric backward 
on the shaft. 


Harmless Fault of Alignment 


In lining up a large horizontal engine it is found that 
the center line of the cylinder, when extended, is approxi- 
mately 7; in. above the center of the shaft. What effect will 
such want of alignment have on the strains and general op- 
eration of the engine? - © 


The strains in the connecting-rod and friction of cross- 
head, crank and main bearings will be increased but not to 
any appreciable extent. In general operation this fault of 
alignment would have no perceptible effect. 


Objections to Side Fire Door 


What objections may there be to having the fire-door 
opening for a return-tubular boiler setting in one of the 
side walls in place of the front wall? 

J. M. 

The side-wall construction is weakened by such an open- 
ing and it should not be employed except possibly with a 
suspended type of setting. The leading objections in op- 
eration are that the radiation and reflection of the furnace 
heat from the opposite side wall result in considerable loss 
of heat through the fire-door opening. Unusual heating of 
the boiler room and inconvenient location of the firing vee 
with respect to the grate and direction of the draft all tend 
to increase the difficulties of firing skillfully. 


Operation of Ammonia Refrigerating System 


_ In what part of a direct-expansion system does expan- 
sion of the ammonia take place, and what are the leading 
— for most economical operation of plants of this 
ind? 

P. M. 

_Expansion of the ammonia takes place in the expansion 
coils, which are located in the space or room to be cooled. 
The lower the pressure and temperature in the condensing 
coils and the higher the pressure and temperature in the 
expansion coils (i.e., suction pressure), the more economical 
will be the working of the plant. 


Relative Amount of Copper in Two-phase and Three-phase 
Systems 


Why is the copper required for the transmission of a 
given power by a three-phase, three-wire system only three- 
quarters of that necessary with two-phase, four-wire sys- 
tems, the voltage, distance and the line losses being the 
same in both cases? 


XK. 

In the three-phase system let the voltage between wires 
be E;, the current in each wire be I,, and the resistance be 
r; In the two-phase system let these respective quantities 
be Ey, Iz and rz. For simplicity let the three-phase sys- 
tem be delta-connected and the load be nonconductive; then 


E, |, V3 = 2E2I, 
whence 


IlYv3=21I, 
or 


2 
I, = V3 i, 

The line losses in the three-phase system are 3 (I% ri) 
and in the two-phase system 

4 (I?, Te) 
Therefore, by substituting and equating 
3 (4 I3, T;) =4 (i*, T2) 

whence rm, = fs. 

This means that the wires are the same size but as there 
are three wires in the three-phase system and four in the 


two-phase system the former requires only three-quarters as 
much copper. 


Most Economical Steam Pressure for Automatic Engine 


What would be the relative coal consumption of an au- 
tomatic engine running with 80 lb. of steam as compared with 
40 lb. and the same load? 

B 


A. q 
The economy depends on the point of cutting off required 
in each case as determined by the amount of the load and 
the size of the engine cylinder. 


Rating of Refrigerating Machines 
What is the method of rating refrigerating machines? 
=. B 


(1) Refrigerating capacity, and (2) ice-making capacity, 
both expressed in tons per day of 24 hours. 

One ton of refrigerating capacity would mean that un- 
der assumed or stated conditions, as range of temperature, 
the machine would remove the number of heat units equiva- 
lent to that required to melt one ton of ice at 32 deg. F. 
into water at 32 deg. F. in 24 hr. In the United States 
288,000 B.t.u. per 24 hr. per ton of refrigeration is the recog- 
nized figure, being made up of 144 B.t.u. per lb. of ice melted 
and a ton of 2000 lb. This gives 12,000 B.t.u. per ton per hour 
and 200 B.t.u. per ton per minute, the temperatures selected 
through which the machine is supposed to work being 90 
deg. F. in the condenser and 0 deg. F. in the expansion coils. 

Ice-making capacity is a measure of the actual weight 
of ice made by a machine (designed for ice making) in 
tons per 24 hr., assuming the normal conditions of summer 
a It is usually about one-half the refrigerating ca- 
pacity. 


Inside Lap 


What is inside lap and what is the object of putting inside 
lap on a valve? 
; : Rn. G. 

Inside lap or exhaust lap is the amount the exhaust edges 
of a D-slide valve overlap the exhaust edges of the cylinder 
ports when the valve is in mid position. In adding suffi- 
cient steam lap to bring about good cutcff, the exhaust is 
apt to be released too early, and exhaust lap is provided 
to obviate such a defect. 


Evidences of Leaky Piston 


_. How would a leaky engine piston be shown on an in- 
dicator diagram? - 


; B. J. 
A leaky piston would cause the expansion line to fall too 

low; it would also show too high back pressure of the ex- 

haust while the exhaust valves were open, and would pre- 


vent full compression of the exhaust after closure of the 
exhaust valves. 


Lowest Safe Water Line in Horizontal Return-tubular 
Boilers 


Where should the bottom try-cock be placed on a hori- 
zontal tubular boiler, in relation to the tubes? 


W. R. 
The lowest try-cock, the lowest visible part of a water 
gage-glass and the location for fusible plugs should not 


be less than 2 in. above the upper surface of the upper row 
of tubes. 


Cause for Fracturing Wristplate Centerpin 


What might cause the wristplate-centerpin of a 14x36-in. 
Corliss engine to break repeatedly? Fracture of the pin 
occurs in each instance close up to the shoulder. 


E ao 
Fracture might result from the pin being turned with 
a sharp eorner instead of a fillet at the shoulder; but re- 
peated breaking of pins would seem to indicate that the 
wristplate becomes jammed by one or more of the valve 
rods ee erennge f with the valve arms, as might happen 
if the valve-arm keyways have been improperly laid out 
on the valve stems, or the right-and-left connections be- 


= the valves and wristplate have been shortened too 
ch. 
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STUDY COURSE 





ENGINEERS’ 


CusE Roor 
The cube of a number is-the product of a number taken 
se three times as a factor, thus 
ie 3&3 3 = 2% 
which is the cube of 3. 

The cube root of a number is a number which taken 
three times as a factor will produce that number. Ii the 
above example we see that the cube root of 27 is 3. 

As we just learned how to find the square root of a 
number, the process of finding the cube root will come 
easy. Let it be understood at the beginning that it is so 
seldom necessary to find the cube root of a number that 
nearly all who have learned how must refresh their 
memory each time they are required to do an example in 

a cube root. We will explain the process of finding cube 
rr root by the long method, and learn how to find the cube 
root by the use of a table. 

In square root we point off the number into periods of 
two places each, but in cube root a period consists of three 
figures. We begin to point off at units place; to the left 
of the decimal point for whole numbers and to the right 
for decimals; just as we did in our square-root lesson. As 
in square root so in cube root, the number of periods in- 
dicates the number of figures there will be in the root. 

In our square-root lesson we learned that when a num- 
ber was not a perfect square and we wanted to carry the 
root out to decimals we had to annex a period of two 
ciphers each for every decimal place added to the root. 
The same is true of cube root, except that a period of three 
ciphers is added for every added decimal place. 

Example: What is the cube root of 79,507 ? 

For convenience a table of cubes from 1 to 9 is given 





mB, 


Shy oitsh eo 


see 


SOSA, BY; 





helow. 
13 = 1] 18 = G4 “3 = 343 
23 = 8 53 = 125 83 = §12 
33 = 27 G63 = 216 93 = 729 
4 root 
4 (9 507 )43 ans. 
1600 K 3 = 4800 64 
15 507 
; 4 15 507 
ee aia aa" 
” 
1220 X 3 = 360 








Pointing off, we have two periods, so we know there will 
be two figures in the root. Now we find the greatest 
number the cube of which does not exceed 79. This is ob- 
viously 4, and the cube of 4 is 64 which is put under the 
first period 79, and subtracted, giving a remainder of 15. 
Now bring down the next periol, getting a dividend of 
15,507. 

To get a new trial divisor we set down at the left the 
t in the root and square it, getting 16, to which we add 
two ciphers. We now multiply 1600 by 3 getting 4800 
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which is our new trial divisor and indicates a quotient of 
3. The next step is to multiply the first figure of the root 
by the second figure which is 3, and add a cipher to the 
product. This gives us 

Sn 18 

and the cipher added equals 120, which must be multi- 
plied by 3, giving 360. (We used 3 as a multiplier of 
1600 and 120, not because it is the second figure of the 
root, but because 3 is used as a constant at this point of 
the process in all cube root examples.) 

Set this 360 under the 4800 then square the second 
figure of the root getting 9, which we set down under the 
360. Now add the column of figures, which gives 

4800 + 360 + 9 = 5169 
which is the complete divisor and must be multiplied by 
the 
the dividend, leaving no remainder which shows that 79,- 
507 is a perfect cube. 

Let us take another example that will contain three fig: 
ures in the root so as to show how the trial divisors are 


t X 





? 


second figure of the root or 3. The,product equals 


obtained when there are more than two figures in the 
root. 
Example: 


Find the cube root of 669,921,875. 


root 
8 669 921 875 ) 875 ans. 
8 o12 
6400 K 3 = 157 921 
146 503 


19,200 


8 ‘TL 418 875 

ri 11 418 875 
560 X 3 = 1,680 
49 


20 Y29 


146,503 
87 
87 
609 
696 
756,900 X 3 = 2,270,700 


8 


1-2 


~ 


4350 x 3 = 


13,050 


25 









2,283,775 
d 


11,418,875 






From what was learned in the previous example, the 
process in the above example is plain up until it is nec- 
essary to find a trial divisor for the third dividend which 
is 11,418,875. To get this trial divisor we combine the 
two figures of the root already obtained and square them, 


7a) A~p 
OY Ges > i069, 









and then we annex two ciphers and multiply by 5. This 


gives us 






756.900 b 4 35= 2.270.700 
We find that it will go into 





which is our trial divisor. 
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the dividend 5 times, so write 5 as the third figure of the 
root. Now combine the two first figures of the root and 
multiply by the third figure 

8Y xX 5 = 435 
and annex a cipher to the product, giving 435%. 

This is now multiplied by 3 which gives 13,050 and is 
set down under the 2,270,700. Next square the third fig- 
ure of the root, getting 25 and set it down under the 13,- 
050. Now add the column 

2,270,700 
13,050 
25 
2,283,775 . 
which is the complete divisor for the dividend 11,418,- 
875. As the divisor is contained in the dividend 5 times 
without a remainder the number is a perfect cube. 

To prove examples in cube root use the root three times 

as a factor. Thus to prove our first example, 
43 X 43 X 43 = 179,507. 

If at any time it is found that the product of the com- 
plete divisor by the trial figure of the root exceeds the 
dividend it will be necessary to correct the work to con- 
form to the next lowest trial figure in the root. If ever 
the dividend is less than the trial divisor, place a cipher 
m the root, bring down another period, annex two ciphers 
to the trial divisor and proceed as before. 

By this time we have learned that the process of -find- 
ing the cube root of a number is very laborious and we 
can therefore, appreciate the value of a table that will tell 
at a glance just what is the cube and cube root of a num- 
ber, and of course, which also gives the number when the 
root is known. 

Nearly all engineers’ hand- and pocketbooks contain 
tables giving the squares, square root, cubes and cube 
roots of numbers from 0.1 to 1000 and over. Kent’s 
Mechanical Engineers’ Pocketbook gives numbers from 
0.1 to 1600. In this book the numbers from 0.1 to 10 
increase by tenths, and all numbers from 10 to 1600 in- 
crease by 1. 

Parts of this table are given below so the reader may 
more fully appreciate the value of such tables. 


No. Square Cube Sq. Root Cube Root 
6 . 36 .216 .7746 . 8434 
.65 .4225 . 2746 . 8062 . 8662 
Pe .49 . 343 . 8367 . 8879 
.75 . 5625 .4219 . 8660 .9086 
8 . 64 .512 . 8944 .9283 

2 4. 8. 1.4142 1.2599 
‘a 4.41 9.261 1.449 1.281 
.2 4.84 10.648 1.483 1.301 
3 5.29 12.167 1.517 1.320 
4 5.76 13.824 1.54¢ 1.339 
5 6.25 15.625 1.581 1.357 

No. Square Cube Sq. Root Cube Root 

210 44100 9261000 14.4914 5.9439 
211 44521 9393931 14.5258 5.9533 
212 44944 9528128 14.5602 5.9627 
213 45369 9663597 14.5945 5.9721 
214 45796 9800344 14.6287 5.9814 


The reader should occasionally do examples in cube 
root so that should he be called on to find the eube root 
of a number when a table was not available or when the 
cube root could not be found from a table he would not 
be “stuck.” 

EXAMPLES FOR PRACTICE 

1. What is the number of which 9,393,931 is the 
cube? 

2. Find the cube roots of the following numbers: (a) 
0.8; (b) 2.53 (ce) 213. 

3. What is the number of which 44 is the eube root ? 
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4, The diameter of a sphere is found by dividing its 
cubical contents by 0.5236 and extracting the cube root 
of the quotient. 

It is desired to make a cast-iron ball to weigh 364 Ib. 
Cast iron weighs 0.26 lb. per cu.in. What would be the 
required diameter ? 

5. D. K. Clark gives as a rule to find the diameter of 
a shaft capable, within good working limits, of trans- 
mitting a given horsepower: 

Multiply the horsepower by 285 for cast iron, by 190 
for wrought iron and by 92 for steel; divide by the speed 
in turns per minute. The cube root of the quotient will 
be the diameter in inches. 

According to this rule what would be the diameter of 
a steel shaft required to transmit 20 hp. at 200 r.p.m.? 


ANSWERS TO Last WEEK’s PROBLEMS 


(1) (a) 3.285; (b) 18.06; (c) 0.028; (d) 3899. 
(2) (a) 2.6458; (b) 3.60556. 

(3) 42 ft. 

(4) 85 in. 





OVER THE SPILLWAY 


JUST JESTS, JABS, JOSHES AND JUMBLES 











“FOREWORD” 


It’s plain to you upon its face 

That Power’s need for much more space 
Has driven us to serve these “spills” 

In capsule doses for your ills. 

So when a joke’s not over-ripe 

We'll put it here in “six-point” type. 


Our friends the marine engineers have fittingly chosen 
German Artillery Hall in which to hold their festivities 
during the Charleston convention. Let each doughty war- 
rior gird himself for the fray, be served with abundant “am- 
munition,” and.be placed where the “shots” fall the thickest. 
Charleston this day expects every man to do his duty. The 
watchword will be Prosit! 


Catherine Morris, of Pittsburgh, attired in men’s clothes, 
worked in boiler and machine shops for three years before 
anybody discovered she was just Cathy. During this time 
she demonstrated she was some white hope by licking a shop- 
mate in a fist fight, and she has a scar on her face to prove 
it. From all this, one is assured that while Cath is not what 
could truthfully be called a perfect gentleman, she’s a real 
manly young lady, just the same. 


It was a happy new year’s beginning for a few electricians 
and boilermakers at the New York navy yard. The master 
electrician now gets $9.04 a day instead of $8, and the master 
boiler maker $7.04 instead of $6.24. Now, boys, remember your 
home obligations and don’t hold out on those few odd cents. 


Yes, Ignatius, dirt in a governor does operate against its 
efficiency. As a case in point, Cole Blease, a very soiled gov- 
ernor of good old South C’rlina, attempted to start something 
the other day by consigning the Constitution to Hades, along 
with everybody else who had the temerity to disagree with 
him. They used to call him “Coley” in the old days; what 
they call him now isn’t fit to print. 


We are pleased to receive a circular from Greenwood’s 
woodyard, Woodsville, N. H., announcing “mixed wood at $3 
a load. This wood can be seen at Mr. Long’s brick yard. 
Carrying upstairs, 35c. extra.” Any Woodsville man who gets 
a $3 load may be lucky, but if he’s inclined to throw things 
he should keep away from Mr. Lang’s brickyard. Charging 
35c. for carrying a load upstairs seems a trifle excessive. 
Many a load has been thrown down stairs free of charge, and 
the distance up is no greater. 


Wish we could put J. Sharshall Grarsty in our Hall of 
Fame, but he’s not an operating engineer; just a Ph.D., a 
scholar, a gentleman and an editor of “The Tradesman,” of 
Chattanooga, Tenn. The loss is ours, doctor, but we are 
respectfully curious to know if the “J” might stand for 
Jiphthahel or Jonadab? Of course, it might, but does it? 
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Central Station vs. Isolated Plant 
By WarREN B. Lewis 


Arguments in the case of the central station vs. the iso- 
lated plant, seem to be never-ending ; now a new proposi- 
tion is a summer central station and a winter isolated 
plant. 

Unfortunately little has been brought to light relative 
to this phase of generating electrical energy, but a 
few facts are herewith presented concerning a typical office 
building, which may serve to center the argument on 
something definite. It would be interesting to know 
wherein other office buildings differ in their general re- 
quirements. 

The building is ten stories high and of modern fire- 
proof construction. It covers a ground area of approxi- 
mately 20,000 sq.ft. For several years it has been pur- 
chasing central-station current, but operating its own hy- 
draulic elevator steam pumps, and heating with direct- 
steam radiation. The owners proposed installing a plant 
for lighting purposes. 

A careful investigation showed that the maximum de- 
mand during daylight office hours was about 20 kw., 
chiefly in the form of elevator lighting and a small 
amount of corridor lighting. The maximum energy at 
5 o’clock in the afternoon of a winter day was 150 kw. 
Current is metered to all the tenants. The total energy 
purchased from the central station had averaged for three 
years, 50,000 kw.-hr. per year. 

Here were definite conditions to be met, with a record 
of the cost of operation under the existing .conditions. 
Bids were taken for a plant consisting of one 25-kw. unit 
and two 100-kw. units, on the theory that the small unit 
would take care of the day lighting, and should one of the 
large units be out of service, the maximum peak load could 
be carried on the other large one and the small unit. It 
was found that the cost of the plant, when completely in- 
stalled, would be approximately $20,000. A number of 
small items could only be estimated; but the figure given 
represented the sum total of all the material and labor 
which would enter into the installation of the plant. 

Allowing 5 per cent. for interest, 5 per cent. for depre- 
@ation, and 2 per cent. for repairs, there would be a fixed 
wharge of $2,400 per year, which, divided by 50,000, gave 
a cost of 4.8 cents per kw.-hr. for fixed charges alone. At 
this point it seemed rather unnecessary to pursue the in- 
vestigation any further, as current was being purchased 
for but slightly more than this amount. 

It may be claimed that the maximum capacity of the 
plant was out of proportion to the total energy used; but 
it should be remembered that the tenant who buys metered 
current is apt to be careful in the use of light, and the load 
factor of such a plant would be exceedingly small. In 

fact, the amount of energy used during daylight hours, 
while not exceeding a maximum demand of 20 kw. was 
in the aggregate, fully half of the total energy purchased. 
The total time over which the peak load exists is hardly 
300 hr. a year 

Statements that exhaust steam is a great factor in less- 
ening the cost of power, can be easily over-emphasized ; 
for example, it is seldom that, in this plant, enough ex- 
haust steam would be available when heat was wanted. 
The day load would not furnish enough exhaust steam to 
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heat the building, and during the hours of the peak load 
the exhaust steam would not be required as the building 
would be already warm. 

In one instance an isolated plant was operated with a 
day load nearly half of the peak load and their isolated 
plant appeared to be a good investment. It developed 
that tenants paid for lights on the basis of a flat rate, 
with the result that a great many unnecessary lamps were 
burning all day. That. building is now using central- 
station current, metering the current to all tenants, and 
the day load has decreased to a mere fraction of what it 
was before. 
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THE STEAM ENGINE AND TURBINE. By Prof. R. H. C. 


Heck. Published by D. Van Nostrand & Co., New York. 
Cloth; 631 pages, 5%x9%4 in.; 402 illustrations; charts; 
tables. Price, 


This is a textbook for engineering colleges and assumes 
that the student has an elementary knowledge of physics and 
mathematics. The object of the book is to give the student 
a knowledge of the theory and general construction of steam 
motors, no attempt being made to teach either design or 
operation, 

In the first part of the book, the theory of the heat engine, 
properties of steam and the ideal engine cycles are discussed. 
Indicator diagrams are then taken up and methods of inter- 
preting them shown. Engine efficiencies are defined and il- 
lustrated by numerous examples. Diagrams are given of the 
various forces in the engine and the construction of its 
principal parts. Standard types of valve-gears and gov- 
ernors are described, their construction illustrated by dia- 
grams and their functions explained. 

The steam turbine is taken up, jet action discussed and 
tabies of turbine performance given. The designs of several 
types of turbines are explained, numerous illustrations given 
of the various types and the construction of their working 
parts. 

The book ‘is concluded by a chapter on steam jet blowers, 
injectors, condensers and other forms of auxiliary apparatus. 

Steam tables based on the same data as those of Marks 
and Davis are given in the appendix. 

Three tables of efficiencies, engine, turbine and condenser, - 
are included in the text, which are well worked up and quite 
valuable. The arrangement of these tables is unusual to 
say the least, and the peculiar nomenclature necessitates con- 
siderable labor in their use. It is unfortunate that books 
intended for use in schools should not use as far as possible 
standard symbols. 

AN INTRODUCTORY TO THE STUDY OF FUEL. By F. 


Brislee, D. Se. D. Van Nostrand Co., New York City. Cloth: 
269 pages; 6x9 in.; 61 illustrations, Price, $3, 


This book is the first of a series of volumes treating the 
subject of industrial chemistry under the general title “Out- 
lines of Industrial Chemistry.” The purpose of each volume 
is “to provide students and persons employed on the tech- 
nical side of any particular industry with a handbook ex- 
plaining the chemical aspect of the operations carried on in 
that industry.” If the others of the series are like the pres- 
ent volume they will be found interesting to those engaged 
in the business end of the industries to which they relate 
because only an elementary knowledge of chemistry is neces- 
sary to understand most of the subjects treated. 

The first two chapters treat of the chemistry of combus- 
tion and include a consideration of reacting substances, 
action velocity and the use of catalysers to accelerate the 
velocity of reactions. The next chapter deals with the 
analysis of fuel and flue gases and proves very instructive. 
Directions are given for the use of Hempel, Orsat and Stead 
apparatus. The precautions to be observed in taking and 
analyzing a flue-gas sample are enumerated. .- 

Calorimetry is the subject of Chapter IV and includes in- 
structions for using several well known calorimeters. Chap- 
ter V describes the many kinds of pyrometers for furnace 
control, and special attention is given'to the Féry radiation 


re- 


pyrometer. 

After a rather technical discussion of combustion tem- 
perature calculations in Chapter VI, the classification and 
composition of various fuels are treated. A simple laboratory 
test is described for identifying the class to which a coal 
belongs, i.e., as to whether it is a caking or noncaking coal. 
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Another chapter treats the subject of coke, coke making 
and the recovery of the byproducts. A few types of coke 
ovens are described and the commercial value of briquetted 
coal is discussed. 

The composition of natural gas, and the composition and 
commercial combustion of producer, water and blast-furnace 
gas are also covered and a chapter on the chemistry of rapid 
combustion or explosion contains an instructive explanation 
of the- combustion of fuels and heat losses in explosion mo- 
tors. 

The last four 
ment of Draft,” 
“Heat Balances, 
Fuels,” and are 
gineer. 

The author recommends the purchase of coal upon the basis 
of its heating value, and then proceeds to point out the 
fallacy of the objections raised against this practice. He 
believes that coal samples are not selected with sufficient 
care to be truly representative of the total quantity and that 
this is the chief reason for the prejudice so prevalent against 
this system of purchase. 

The University of Tllinois has issued a revision of bulle- 
tin No. 9, dealing with “An Extension of’the Dewey Decimal 
Svstem of Classification Applied to the Engineering Indus- 
try,” by Professors L. P. Breckenridge and D. A. Goodenough. 
This may be obtained by addressing the Engineering Experi- 
Urbana, Ill. Price, 50 cents. 


chapters treat of “Air Supply and Measure- 
“Furnace Efficiency and Fuel Economy,” 
Furnace and Boiler Tests” and “Liquid 
particularly useful to the power-plant en- 


ment Station, 


Nine Men Killed in Hamlet, N. C., Boiler 
Explosion 


As the result of the explosion of a stationary boiler in 
the Seaboard Air Line Ry. shops, at Hamlet, N. C., on Dee. 
28, according to press reports, nine men were killed includ- 
ing the roundhouse foreman, the assistant foreman and an 
electrician. 

One part of the boiler was hurled through an 18-in. wall 
and thrown 500 ft. away. The body of one of the negroes 
employees was found over 200 ft. from the building. No 
cause is given, but we hope to publish the de- 
early issue. 


reasonable 
tails in an 


3 
Special Engineering Lecture Course at 
Stevens Institute 


A special lecture covise on engineering topics has been 
introduced as a regular part of the curriculm for the students 
of the senior class, Stevens Institute of Technology. These 
lectures are delivered by well known men actively engaged 
in the work of which they speak. Some of the lectures and 
subjects for the first half of the senior year are: 

John Calder, of the Cadillac Motor Co., six lectures on shop 
management, including organization, system, foremen and 
workmen, industrial hygiene, the modern plant, and the 
engineer’s social relations. 

Dr. D. S. Jacobus, advisory engineer, Babcock & Wilcox 
Co., formerly professor of experimental engineering at 
Stevens Institute of Technology, two lectures on boilers and 
power plants. 

Henry C. Meyer, Jr., consulting mechanical engineer, New 
York City, two lectures on heating and ventilating. 

Walter Kidde, engineer constructor, New York City, a 
lecture on power plants for manufacturing and other estab- 
lishments. 

Another course of lectures on engineering topics is now 
being arranged for the second half of the senior year. 

% 

The American Society of Mechanical Engineers has re- 
ceived an inquiry from the Milwaukee Engineering Society 
with respect to affiliation. Vice-president George M. Brill 
was appointed to extend the society’s greeting to the Mil- 
waukee organization. 

W. R. Griffin, general manager of the Tri-State Railway & 
Electric Co., announces that his concern will build a $2,000,- 
000 power house on a site near Midland, Penn. The company 
has obtained control of coal mines near at hand for fuel. 
The J. G. White Engineering Co., New York, will have charge 
of the work. 

The Goulds Mfg. Co., Seneca Falls, N. Y., announces that 
the Mine & Smelter Supply Co., Denver, Colo., has been ap- 
pointed as agent for the Goulds line of triplex power pumps. 
Its territory will include the entire state of Colorado and ad- 
jacent counties in Wyoming, New Mexico, South Dakota and 
Montana. 
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Annual Meeting of the Efficiency Society 


The annual meeting of the Efficiency Society will be con- 
vened on Monday, Jan. 27, at 9:30 a.m., in the Engineering 
Societies Building, 39 West. Thirty-ninth St., New York City. 
The following tentative program has been outlined: 


Monday, Jan. 27 
President’s address. 
Business meeting. 
Election of directors. 
Symposium on organization. 
Discussion on the necessity of charts of organiza- 
tion. 
Adjournment for luncheon. 
Symposium on management. 
Discussion on democracy in 
curing the consent of the 
Adjournment. 

Dinner at the Aldine Club, 
Symposium on efficiency in the Government or- 
ganization, national, state and municipal. 
Discussion on a readjustment of the governmental 
departments. 
Adjournment. 


9:30 a.m. 


10:30 


industry and “se- 


governed.” 


200 Fifth Ave. 


Tuesday, Jan. 28 
Symposium on industrial relations. 
Discussion on the relations between 
employee and the community. 
Adjournment for luncheon. 
Symposium on industrial hygiene and safeguards 
against occupational disease and accident. 
Symposium on safety. 
In marine transportation. 
In land transportation. 
In crowded buildings. 
From city conflagrations. 
From forest fires. 
In mines 
In dam protected 
From freshet floods. 
This session will be illustrated by moving pictures 
lantern slides demonstrating the efficiency obtained by 
serving the human element in industry. 
5:00 p.m. Closing business session. 
5:30 p.m... Final adjournment. 


employer, 


districts. 


and 
con- 





SOCIETY NOTES 











The Detroit Engineering Society will, at its regular meet- 
ing, Jan. 17, at the Employers Association Rooms, Steyens 
Bldg., Detroit, discuss the subject, “The Pennsylvania Ter- 
minal, New York City,’ ‘by H. O. Pond, of Westinghouse, 
Church, Kerr & Co., New York City. 

The annual banquet of the*Ithaca section of the American 
Institute of Electrical Engineers will be held in Sibley Dome, 
Cornell University, on the evening of Jan 11. The principal 
speaker of the evening will probably be R. D. Mershon, presi- 
dent of the American Institute of Electrical Engineers, of New 
York City. The program will include several several musical 
numbers and song hits on members of the faculty. 





PERSONALS 








William Stanley, Great Barrington, Mass., has been award- 
ed the fourth Edison medal “for meritorious achievement in 
invention and development of alternating-current systems 
and apparatus.” 





OBITUARY 











GEORGE BURNHAM 

George Burnham, Sr., Philadelphia, Penn., formerly a 
partner in Burnham, ‘Williams & Co., Baldwin Locomotive 
Works, and an associate of Matthias W. Baldwin, the founder 
of the works, died Dec. 10, aged 95 years. Mr. Burnham 
became identified with the Baldwin Works in the early days 
of locomotive building, and in 1867, following the death of 
Mr. Baldwin, became a member of the firm, then styled M. 
Baird & Co. On Mr. Baird’s retirement, in 1873, Mr. Burn- 
ham became senior member of the firm then known as Burn- 
ham, Parry, Williams & Co., and later as Burnham, Williams 
& Co., which continued until the incorporation of the business 
in 1909 as the Baldwin Locomotive Works. Mr. Burnham’s 
connection with the industry covered 73 years. He was born 
at Springfield, Mass., and when about 15 years of age went 
to Philadelphia. He leaves two sons and a daughter. 





